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This thesis is concerned with studies of bridgehead 
[1,5J - fused iiuidazoles with special emphasis on the synthesis 
of bridgehead [1,51-fused imidazolethiones and their 
reactivity towards electrophilic reagents. The discussion of 
the results obtained is preceded by a survey of literature 
methods for the synthesis of bridgehead E1,5J-fused 
imidazoles and their known reactions. 
The known but previously uninvestigated compound 
imidazo[ 1,5-aJpyridine -3 ( 2H) -thione was found to react with a 
wide variety of electrophilic reagents. Acid catalysed 
reactions with acilehydes or ketones and hydrazines or 
preformed hydrazones resulted in the formation of novel 
products tentatively formulated as imidazolidinethione 
derivatives. In the case of isocyanates reaction at elevated 
temperature tended to afford C-i carbamoyl products while at 
0. 
lower tempertures N-2 carbamoyl products were formed but 
reaffwged to the C-1 compounds on heating. In contrast, 
reaction of imidazo[1,5-ajpyridine-3(2H)-thione with phenyl 
isothiocyanate resulted in a more deep-seated reaction to 
give a imidazolidine-2,4-diahione derivative. 
Imidazo[1,5-ajpyridine-3(2H)-thione also reacted with acid 
chlorides toyield N-2 acyl products which on heating or 
irradiation gave the corresponding C-i acyl products. The 
reaction of imidazo[1,5-a]pyridine-3(2H)-thione with acid 
anhydrides and bis acid chlorides as well as other 
electrophilic reagents including 2-phenyloxirane (styrene 
oxide), benzenediazonium chloride and nitrous acid were also 
investigated. 
hA 
A convenient, general synthetic route to derivatives of the 
hitherto unknown imidazo[ 1 , 5-ajpyrimidine ring, system has 
been devised and used to obtain the previously undescribed 
compound imidazo1,5-a2pyrimidine-6(7H)-thione and its simple 
derivatives. However, the low yields of these compounds 
obtained precluded the study of their reactions with 
electrophilic reagents. A route to the previously unknown 
imidazol,5-cjpyrimidine ring system has also been devised 
and has allowed access to imidazo[ 1 , 5-c]pyrimidine-3 ( 2H) -
thione. However attempted reactions of this compound with 
isocyanates and acid chlorides as well as with aniline and 
acetone by analogy with imidazo[1, 5-a]pyridine-3 ( 211 ) - thione 
were largely unsuccessful. 
A route to the unknown, albeit for one brief mention in 
the literature, imidazo[l,S- - c]quinazoline ring system was 
devised and used to obtain the previously unknown imidazo-
[1,5-cJquinazoline-3(2H)-thione. However, lack of time and 
material precluded all but the briefest of investigations 
into the chemical reactivity of imidazo[l,5-cJquinazoline -
3(2H)-thione. 
The known compound imidazo[1,5-a]pyrazine--3(2H)-thione has 
been synthesised and its previously undescribed reactions with 
electrophilic'reagents investigated. However, unlike 
imidazo[1,5-a]pyridine-3(2H)-thione, with the exception of 
its !-2 acylation by phenyl isocyanate, imidazoE1,5 -aJ -
pyrazine-3(2H)-thione was largely unreactive to electrophilic 
attack.. 	': 	 '1 3-ethylthioLdazo[ 1, 5-a]pyrazine, unlike 
3-ethylthioixnidazo[1 , 5-a]pyridine,failed to undergo 
deprotonation by butyllithium at the 5-position or to yield a 
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CHAPTER 1 
A Literature Survey of the Synthesis and 
Reactivity of Bridgehead-[1,5]-fused Imidazoles 
-NyNH 
x 	 X  





























The following thesis is concerned with studies (Scheme) 
of the synthesis of bridgehead - i1,5] -fused imidazoles, 
heterocycles of general part structure t(1Y(2).] and certain 
aspects of the reactivity of such heterocycles, notably their 
reactions with electrophilic reagents with or without sub-
sequent rearrangement through heterocumulene intermediates 
[(1).(3)-.(5)--(7)), and the apparent ability of certain deriva-
tives [e.g. (4)] to function as precursors of novel dehydro-
heterocyclic intermediates (6). 	These studies were prompted 
by initial investigations 1-3  at Glaxo Group Research Limited 
(Ware) concerned with imidazo(1,5-a]pyridine derivatives such 
as 6-tmidazo(1,5-a]pyrid--5-yl)hexanoic acid (8) which has 
been shown4 to be one of the most potent and selective 
thromboxane synthetase inhibitors yet identified. 
By way of introduction, the discussion of the results 
obtained in the present studies is preceded by a survey of 
the literature concerned with the principal methods of synthesis 
and the reactivity of bridgehead-[1,5] -fused imidazoles. 
The numbering and nomenclature for the ring-systems 
presented in this study, and in all successive chapters, 
strictly follows the format adopted by Chemical Abstracts.T 
• 	
H2N MCMC tH4Me; 
• 	 (i) 	.9NNH 
0 2N 	R (9b) 	 (10) 	• 	 ' I 	6 
Me 
H  N'NH 	 (11) 
i) (9a) 




(12) 	 (13) 
(1) H2 
MeCOCH2come 
H2 , 5% •:d-, K2HPO4 aqu. 
(MeO) 2CHCH2 CH(OMe) 2 , AcOH, 60°, 6h. 
Scheme 1 
Rl 
2 H2N CO2Et 
	
RN 	CO2Et 
CHR + 	N,-,,, --,N' H 
Y, R tr4 T 
(14) 	 (15) 	 (16) 
(i) EtOH, acid, room temp., or heat. 
Scheme 2 
5 
A Literature Survey of the Synthesis and Reactivity of 
Bridgehead-[l,.5]-fused Imidazoles 
This survey deals firstly with the main literature routes 
to bridgehead-(1,5)-fused imidazoles, and secondly with the 
principal types of reactivity exhibited by such heterocycles. 
(i) Synthetic Routes to Bridgehead-[1,5I - fused Imidazoles 
The following survey of the principal synthetic routes to 
bridgehead- [1,51 -fused imidazoles is largely confined to methods 
leading to fully unsaturated ring systems. 	Such synthetic 
routes are conveniently discussed under two broad headings, 
namely, methods starting from imidazole derivatives and 
involving final closure of the six-membered heterocyclic ring, 
arid, methods starting from other heterocyclic intermediates 
and involving final closure of the imidazole ring. 
(a) Synthetic Methods Based.on Imidazole Intermediates 
The reactions (Schemes 1 and 2) of 4-aminoimidazole 
derivatives [e.g. (10) and (12)] with -dicarbonyl compounds 
such as a-diketones, S-keto-esters, and S-keto-acids have been 
found to be very useful for the synthesis of imidazot1,5-all-
pyrimidine derivatives. 	The first such cynthesis 5 (Scheme 1) 
of an imidazo[1,5-a]pyrimidine derivative (11) avoided any 
need to isolate the unstable aminoimidazole (10), which was 
generated in situ in the presence of acetylacetone by the 
catalytic hydrogenation of the corresponding nitroimidazole 
(9b). The parent imidazo[1, 5-a]pyrimidine (13) was synthesised 
some years later  by the similar in situ condensation of the 
4-aminoimidazole (12) with malondialdehyde tetrainethylacetal. 
This type of imidazo[1,5-a]pyrimidine synthesis has been 
H 
OSttty N 	CNH2 
(20) 
R 1 	R2 
 Me H 
 Me Me 
C; OH H 
0 
11 
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(I.) MeCOCH 2COMe., NaOH ag., piperidine cat., ethanol, heat. 
R1 COCH(R 2 ) CO 2 Et, NaOAc, AcOH, heat. 
EtO 2CC:CcO 2 Et, NaOAc, AcOH, N 2 , room temp.. 
Scheme 3 

























(1) MeO 2CCECCQ 2Me, MeCN, N2 , room temp. 
(ii) MeCN, N 2 , heat. 
Scheme 4 
extended using 5-substituted 4-amino-1H-iinidazoles (Schemes 
2 and 3). 	Thus ethyl 4-amino-1H--imidazole-5-carboxylate 
(15) reacts readily  with a variety of B-dicarbonyl compounds 
(14) (Scheme 2) to provide a general route to 8-ethoxycarbonyl-
imidazo[ 1 , 5-a]pyrimidjne drivatives (16). 	Similarly (Scheme 
3) the hydrochloride of 4-amino-1H-imidazole-5-carboxamide 
(17) reacts  with acetylacetone to give the corresponding 
imidazopyrimidinecarboxamide (18) and with a-keto-esters 
affords imidazofl , 5-a1pyrimidin-4 (1H)-ones (19) with no 
apparent formation of the alternative imidazo( 1 , 5-a]pyrimidin -
2(1H)-ones (20). 	The orientation (19) for the products of 
the S'-keto-ester condensation reactions are based on compari-
sons of the 1 H n.m.r. absorption with that of other fully 
unsaturated imidazo[ 1 , 5-a]pyrimidine derivatives of established 
structure 7 . 	The product of the reaction (Scheme 3) of the 
amino-imidazole-carboxamide (17) with diethyl acetylenedi-
carboxylate is also formulated as the imidazo[ 1 , 5-a]pyrlmidin-
4(1H)-one (21) as opposed to the imidazo[ 1 , 5-a]pyrimidin -
2(1H)-one (22), although no firm evidence in support of either 
of these sL.ructures has been cited 8 . 	Reaction (Scheme 4) of 
the 5-amino-4H-imidazole derivative (23) with dimethyl 
acetylenedtcarboxylate is also reported  to give the imidazo-
[1,5-a]pyrimidin-4(8H)-one (26) and not the isomer (27). 
Evidence quoted in support of the imidazo[ 1 , 5-a]pyrimidin-
4(8H) -one structure (26) is based on 13  C n.m.r. spectroscopy, 
specifically the long-range ' 3 C-'H coupling between the lactam 
carbonyl carbon at the 4-position of the pyrimidine ring and 
the proton at the 6-position on the imidazole ring. 	Also 
isolated in this reaction was the dimethyl maleate derivative 
H2N: HNN 
(28) 
NJi) (R=H, CO 2Me) 
H  
R 
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HNN- N, 
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(32) 
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(1) (MeS) 2 C=NCEN, EtOH, room temp. 





















(23) 	 [.NN 	J 
(37) 
/ 
N 	R nr-( 
NaQEt, EtOH., room N'..-NN temp. 
H2NCH=iH2 , NaOMe, 	NH2 
MeOH, N2 , room temp. (38) 
Scheme 7 
12 
(25) which cyclised on heating in acetonitrile to give the 
imidazopyrimidinone (26). 	This transformation presumably 
occurs by isomerisation of the dimethyl maleate (25) to the 
dimethyl fumarate derivative (24) followed by spontaneous 
cyclisation of the latter. 
The conversion (Scheme 5) of the aminoalkyl side-chain 
of histamine and histamine derivatives (28) into an iso-
cyanatoalkyl substituent followed by spontaneous cyclisation 
to form a fused six-membered heterocyclic ring has been 
utilised in the synthesis of partially saturated imidazo-
[1,5-c]pyrimidones (31). 	It is well known that primary 
amines react 
 10  with N,N 1 -carbonyldiimidazoles to form 
isocyanates and the reaction 
 11  of the aminoalkyl group of 
histamine (28a), with this reagent forms the corresponding 
alkylisocyanate which immediately cyclises to the 7,8- 
dihydroimidazo[1 ,5-c]pyrimidin-5(6H)-one (31a) . 	 An alter- 
native approach to the synthesis of pyrimidi'nore431) is the 
dariv&bvCS 
reaction of(phenyl thicarbonyl chloride and histamin4(28a 
and b) 12 in the presence of triethylamine to give the 
corresponding imidazo [1,5_c ]pyrimidin-5(6)one~5(31a and b) formed 
via the thiophenol ester carbamates(30) which loses bcnzere--
thiol to give the unstable, envisaged alkyl isocyanates(29) 
which then immediately cyclisel to form the imidazopyrimiditflS: 
(31). 
Only a single example of the imidazo[1,5 .-C]quinaZOline 
ring system (Scheme 6) has been reported in the literature. 13 
The imidazo[1,5 -c]quinazoline derivative (34) was the 
inadvertent product of the reaction of 4-(2-arninophenyl)5 
methyl-1B-imidazole (32) with dimethyl N-cyanoiminOdithio 
carbonate. 	Treatment of the imidazoquinazoline derivative 
H 	(i>A9 

















(j) H 2NNHCO2Et, EtOH, heat. 
H 2NNH-CS 2Me, EtOH, heat. 
Ph 20, heat. 	 Scheme 8 
b
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NaNO 2 , 11. 
CH2 (CN) 2 , EtOH, in the absence of 1iahfl 5 




(34) with methylamine resulted in ring-opening to the 
guanidine derivative (33) which recyclised with loss of 
methylamine on heating to regenerate the imidazoquinazoline 
derivative (34). 
Very few examples 9 ' 14 of the direct synthesis of 
derivatives of the imidazo[1,5-a]-1,3,5-triazine ring system 
(Scheme 7) are known. 	4-Amino-5-methyl-1H-imidazole (10) 
reacts with methyl N-cyanoformimidate (35), a 1 ,3-electrophilic 
species in the presence of base to give 4-amino-8-methyl-
imidazo[1,5-a]-1,3,5-triazine (36). 	Reaction (Scheme 7) of 
the 5-amino-4H-imidazole (23) with formamidine acetate in the 
- 	 deriva±' 
presence of base gave the imidazotriazine,((Th)ia the purine 
intermediate (37) which undergoes a 'translocative rearrange- 
derjvUv?5 
ment' of a cyano function to yield the imidazotriazine5Tr 
Bridgehead-[1,51-fused imidazo-1 ,2,4-triazines are readily 
synthesised (Schemes B and 9) by the cyclisation of imidazo-
lylhydrazones such as (40), (41) and (44). 	The reaction of 
imidazolecarboxaldehydes (39) with ethyl carbazate or with 
methyl dithiocarbazate gave the imidazolylhydrazones (40) and 
(41) respectively which on thermolysis in diphenyl ether 
afforded the corresponding imidazo[1 ,5-d]-1,2,4-triazine 
derivatives (42) 	Isomeric imidazo[5,i.-c]-1,2,4-triazine 
.0 	•. 
derivatives are readily accessible (Scheme 9) by the cyclisa- 
tion of imidazolylhydrazones derived by coupling reactions of 
a 1H-imidazole-5-diazoniujn species [e.g. (43)1 t*ith suifable 
active methylene compounds. 	Thus 4-carbamoyi-lH-imidazole- 
scdh 
5-diazoniumk(43) derived by diqzotisation of 5-amino-1H-
imidazole-4-carboxamide (17), couples with active methylene 























(46) 	 (47) 
'V 
H 
(R 1 1 R 2 =H, alkyl or aryl) 
0 	0 
II It 
(X=C1, OPC1 2 , 0P(OH) 2 , OPC1 2 ) 
0 	 0 
R 2 1C1 or (R2)20 or R 2 CO 2 Et. 
o=Pçi orP 	POor }DC.1 3 , Et 3N. 
Scheme 10 
16 
(44)] which undergo acid-catalysed cyclisation to 
iinidazo[1,5-c]-1,2,4-triazine derivatives [e.g. (45)]. 16 
(b) Synthetic Methods. Based on Heterocyclic Intermediates 
other than Imidazole Derivatives 
Imidazo[ 1 , 5-a]pyridine deivatives (SO) were first 
synthesised (Scheme 10) by the phosphoryl chloride-catalysed 
ring-closure 17  of 2-acylaminoalkylpyridines (47) readily 
available by the orthodox acylation of 2-aminoalkylpyridines 
(46) with acid anhydrides and acid chlorides. 	It was 
subsequently shown 18  that a variety of imidazo[ 1 , 5-a]pyridine 
derivatives (50) could be prepared in a single step by the 
reaction of 2-antinoalkylpyridines (46) with esters in the 
presence of polyphosphoric acid. 	Such cyclisation reactions 
of 2-acylaminoalkylpyridines to imidazo[1 ,5-a}pyridine 
dGrivatives have been widely reported in the literature. 19,20 
In the case of acylaminoalkylpyridines (47) in which the acyl 
substituent, R 2 is an aromatic group, the use of phosphoryl 
chloride or polyphosphoric acid as the cyclisation catalyst 
led to extensive tar formation. 21 	However acylaminoalkyl- 
pyridines (47) in which R 2 =aryl are smoothly cyclised to the 
corresponding imidazo[ 1 , 5-a]pyridines (SO; R 2 aryl•) using 
phosphoru trichloride in the presence of triethylamine at 
low temperature. 21 	All of these imidazo[ 1 , 5-a]pyridine 
syntheses can be viewed 22  as involving the cyclisation of a 
nitriliuju ion intermediate (49) formed (route a) from an 
initially formed imidoyl species (48). 	However imidazo- 
pyridine formation could also be the result of the direct 
cyclisation of the imidoyl intermediate (48) (route b) without 
involvement of a nitriliuju species (49). 	However more 
cop 
























CF3. 	 . 	R-  C N C(CF3)2 
(56) (57) 
A 	cF3 	. 	9 
CF3 10 
CF
'ZO (58) 	 6N-c 1 -N 
43 
(59) 













(i) POC1 3 , heat. 
Scheme 13 
19 
clear-cut examples of reactions involving the cyclisation 
of nitrilium ion intermediates to bridgehead-[1,5]-fused 
ring systems are known. 23-25 	One such reaction (Scheme 11) 
involves the photolytic cyclisation of the 2-(azidoalkenyl)-
pyridine (51) to the ix'iidazoll,S-a]pyridine carboxylic ester 
(55) 23 	This transformation can be explained • by a mechanism 
(Scheme 11) involving the initial formation of the alkenyl-
nitrene (52) followed by the ring closure to the azirine (53) 
which then ring-opens to the nitrilium betaine (54). 
Cyclisation of the latter then accounts for the formation of 
the imidazo[1,5-ajpyridine (55). 	Photolysis and thermolysis245 
(Scheme 12) of the oxazaphospholene (56) generates a 
nitrile ylide (57) which can add to the carbon-nitrogen bond 
in heterocycles such as pyridine or quinoline giving the 
corresponding bridgehead-(1,51-fused imidazole derivatives 
(58) and (59) 
In cyclisations analogous to those leading to imidazo-
[1,5-a]pyridines, imidazo[S,t-ajisoquinolines are readily 
synthesised by the cyclisation of 1-(acylaminoalkyl)iso-
quinolines promoted by phosphoryl chloride or polyphosphoric 
acid. 26,27 	An illustrative example (Scheme 13) is the 
cyclisation of the isoquinol.ine derivative (60) on treatment with 
phosphoryl chloride to give 1,3-dimethylimidazo[5,fl-a]iso- 
quinoline (61) . 26 
Studies reported recently in the literature 28-30  describe 
the synthesis of a number of imidazo[1,5-a]pyrimidine deriva-
tives based on the phosphoryl chloride or polyphosphoric acid 
promoted cyclisation of 2-(acylaminoalkyl)pyrimidines (Scheme 




























p 2 0 - H3 PO 4 , 100110 0 
QC1 3 , 900. 
Scheme 14 
21 
(62;. R=Me 2CH) by heating at 100_11.0 0 in polyphosphoric 
acid for 2.5h resulted in a moderate yield of the imidazo-
pyrimidinone (64; R=Me2CH). . However a prolonged reaction 
time of lOh resulted in the isolation of the ithidazopyrimi- 
dinone (64; R=Me2CH) and the isomeric imidazo[4,5-b]pyridinonC-' 
(63; RMe 2CH) in moderate yields. 	The result of reaction 
at elevated temperature (180-190 0 ) on the other hand was the 
exclusive formation of the imidazo[4,5-bJyridinocØ63; 
R=Me2CH). 	The alternative isomeric products of the reaction 
(65 and 66; R=Me2CH) were not isolated. 	Structures were 
assigned to the products On the basis of 'H n.m.r. data. The 
signal due to the methyl protons at the 2-position of the 
compound (64; R=Me 2CH) was observed at 62.30, whereas the 
methyl protons at the 4-position of the known isomer (66; 
R=Me 2CH) resonate at lower-field (62.64) due to the effect 
of the imidazole ring and the substituent at the 6-position, 
a trend which is also exhibited by other imidazo[1,5-a}- 
pyrimidine derivatives. 	The subsequent heating 30 of the, 
imidazo[1,5-ajpyrimidinone (64; Me 2CH) with phosphoryl 
chloride resulted in the formation of not only the expected 
4-chloroimidazopyrimidine derivative (67; R=Ne 2CH) but also 
surprisingly the isomeric 2-chloroimidazopyrimidine (68; 
R=Me 2CH). 	This result is clarified by the reported rearrange- 
ment of the 4-chloroimidazopyrimidine (67; R=Me 2CH) to the 
2-chloroimidazopyrimidine (68; RMe 2CH) by prolonged heating 
in phosphoryl chloride. 	The direct treatment of the 
2-(acylaminomethyl)pyrimidine (62; R=Me 2 CH) . with phosphoryl 
chloride followed by subsequent heating resulted in the 
formation of the expected isomeric mixture of the 
22 
4-chioroirnidazopyrimidine (67; R=Me 2CH) and the 2-chioro-
imidazopyrimidine (68; R=Me 2CH) These cyclisations have 
been extended to a variety of 2-(acylaminomethyl)pyrimidirie 
derivatives (6.2)2 0  
The first imidazoti ,5-a]pyrazine derivative was 
inadvertently synthesised (Scheme 15) by Abushanab 31 in 1971 
in the course of an attempt to catalyse the formation of 
pyrazine-2-carboxaldehyde dimethylacetal by treatment of the 
aldehyde (69) with trimethyl orthoformate in the presence 'of 










(i) 	CH(OMe) 3 , NH 4 C1 
Scheme 15 
shown to be the imidazo[1,5-a]pyrazine derivative (70). 
This synthetic route has obvious limitations but imidazo-
[ 1,5-a]pyrazine derivatives (72) are again generally 
available by the cyclisation (Scheme 16) of 2-(acylamino- 


















N 	 NVI , 
(78)  
C N 	 CN. 
• 	CJtOH -H20 
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H2  C=O, heat. 
Scheme 18 
~ Cl l N NN HH 	 ~~N N3 
(i) 
(82) 	NH2 (83) 
I~NLI rN  
0. 
(84) 	 (85) 
(1) 'HN0 2 1 , -10 0 -5 0 C. . 
(ii) CHC1










(i) POC1 3 , heat 
Scheme 16 
A fully unsaturated imidazo[1,5-a]pyridine derivative 
was inadvertently 35  synthesised (Scheme 17) while attempting 
to form the phenyl-2-(pyridylmethyl)amine (75) by the 
Leuck,rt:. reduction 36  of 2-benzoylpyridine (73) with ammonium 
hydroxide and formic acid. 	The adduct (74) formed from the 
reaction of ammonia with the ketone (73) is quickly reduced 
by formic acid to give the amine (75) which in turn reacts 
with more formic acid to give the formyl derivative (76) 
cyclisation of which gives 1-phenylirnidazo[1,5-a)pyridine 
(77). 	Also described in the literature, 37  albeit very 
briefly, is a novel synthesis (Scheme 18) of imidazo[5,I-a]- 
isoquinoline derivatives. 	Thus heating the nitroso-cyano- 
methylisoquinoline (78) with formaldehyde results in the 
formation of the inidazo(5,1-ajisoquinoline derivative (81). 
This transformatipn is readily explained (Scheme 18) by the 
initial reaction of the nitroso-compound (78) with formalde-
hyde to give the adduct (79) cyclisation of which would afford 
the intermediate (80) readily convertible by dehydration into 
the observed product (81). 
Another general route to bridgehead-[1,5)-fused imidazoles IS 
26 
the in situ generation and spontaneous cyclisation of 
heterocyclic intermediates having an alkyl heterocuxnulene 
side-chain alpha to a ring nitrogen atom. 
38,39A  simple 
example of this type of cyclisation (Scheme 19) is that of 
(pyridifl-yl)methyl isocyanate (84) to imidazo[ 1 , 5- a]pyridin- 
38 
3(2H)-one (85). 	The pyridymethyl isocyanate (84) as 
readily prepared in situ by thermolysis of 2-(pyrid'ft-2-vl)-
ethanoyl azide (83) derived by diazotisation of 2-(pyridàn72 
yl)ethanyl hydrazine (8 2) 38 	The cyclisation of hetaryl- 
alkyl isocyanates generated in situ by 
the thermolysis of the corresponding hetarylalkanoyl azides 
has been used to synthesise (Scheme 20) imidazo[1,5-a]quinoline -
1 (2H)-one (86), 39 imidazo(5,j -a]isoquinolsn- 3(2H) -one (87), 39  
















In a closely related transformation (Scheme 21) pyridin-. 
2-ylalkyl isothiocyanates (91), generated in situ by ther-
molysis of (pyrid1n-yl)alkylthioureas (90) , spontaneously 
cyclise to imidazo[1,5-a]pyridine-3(2H)-thiones 	
40-42 
The (pyrid?n;'L-yl)alkylthioureas (90) required as starting-
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accessible (scheme 21) by the reaction of 2-(2-aminoalkyl)-
pyridines (89) with alkyl or aryl isothiocyanates. 	The 
analogous cyclisation 43 (Scheme 21) of (pyridin*yl)alkyl-
carbodiimides (92) is probably involved in the cyclisation 
of (pyridinyl)alkylthioureas (90) to 3-amirroimidazo[1,5-a]-
pyridines (94) in the presence of dicyclohexylcarbodiimide. 
The reaction of amines in general with carbon disulphide 
is known to yield the corresponding N-substituted dithio-
carbamate 44 (RNHCS 2 R) which react, under certain conditions, 44 
to give isothiocyanates. 	This type of transformation may 
explain the formation of 8-antinoimidazo(1,5-ajpyrazin-3(2H)- 
a-amino- 
thione (98) (Scheme 22) from the reaction 062- (aminomethyl) -
pyrazine (95) with carbondisulphide. 45 	The reaction can be 
envisaged as proceeding via the dithiocarbamate (96) adduct 
then through to the isothiocyanate (97) which spontaneously 
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(ii) The Reactivity of Bridgehead-[1,51 -fused Irnidazoles 
Investigations of the reactivity of bridgehead-t1,5]-
fused imidazoles have been largely concerned with ionic 
processes and in particular with reactions involving 
electrophilic reagents. Only in a few isolated cases have 
reactions with nucleophilic reagents been reported. 	More- 
over only the chemical reactivity of the imidazo[1,5-aJ-
pyridine and imidazo[1,5-a]pyrazine ring systems been 
investigated to any extent. 
Hexahydroimidazoll ,5-a]pyridin-3(2H)-one (99) reacts 
(Scheme 23) with formaldehyde in ref luxing benzene to afford 
an excellent yield of 1,1-bis-(3-oxo-hexahydroimidazo[1,5-ai-
pyrid'-2-yl)methane (100).46 	The latter compound (100) was 
also isolated as the minor product of the Mannich reaction 
(Scheme 23) of the hexahydroimidazopyridone (99) with 
formaldehyde and dimethylamine in aqueous ethanol, the major 
product being the N-dimethylaminomethyl derivative (101). 46 
A similar Mannich reaction (scheme 24) of the fully unsaturated 
3-methylimidazo[1 ,5-a]pyrazine  derivative (102), with for-
maldehyde and dimethylamine gave the 1-dimethylaminomethyl 
derivative (104) as the major product. 
47 	Also isolated in 
very low yields in this reaction were the 5-dimethylaminomethyl 
derivative (103) and the 1,5-bis-(dimethylaminomethyl) derivative 
(105). 
In the course of recent studies (Scheme 25) conducted 
at Glaxo Group Research Limited (Ware) 3 it was found that the 
large scale ethylation of imidazo[1,5 -a]pyridine -3 ( 2 H) -thione 
(106) with ethyl iodide in acetone to give 3-ethylthioimidazo-
[ 1 , 5-alpyridine (107), also resulted in the formation of a 
N. rN
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small quantity of the imidazolidinethione derivative (108). 
It was also found that this product was formed in excellent 
yield by the reaction (Scheme 25) of the imidazopyridine-
thione (106) with aniline and acetone in the presence of a 
catalytic amount of toluene-4-sulphonic acid. The formation 
of the imidazolidinethione (108) under these conditions is 
readily explained (Scheme 25) by initial acid-catalysed 
condensation of aniline with acetone to afford acetone 
N-phenylimine followed by its electrophilic condensation with 
the imidazopyridinethione (106) to give the adduct (109) then 
ring-opening to the isothiocyanate intermediate (110) and 
subsequent reclosure of the latter to give the observed 
product (108). 	This course for the formation of the 
imidazolidinethione (108) is supported by its formation in 
the acid-catalysed condensation of the imidazopyridinethione 
(108) with preformed acetone N-phenylimine. 	The formation 
of the imidazolidinethione (108) as a minor by-product from 
the reaction (Scheme 25) of imidazopyridinethione (106) with 
ethyl iodide in acetone, which gave ethylthioimidazopyridine 
(107) in good yields, was at first conceived to be formed by 
the cyclodehydration of the thiourea (90, Scheme 21, R 1 H, 
R 2 =Ph) in acetone, 	the thiourea being present as an impurity 
in the crude imidazopyridinethione (106). 	This explanation 
was ruled out when the thiducca.qO)  failed to react with 
acetone under identical conditions to the ethylation (Scheme 
25) . 	It was then suggested that .&nL1ne 
present as an impurity from the syhthesis of 
thione (106) in the crude imidazopyridinethione (106) reacts 
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imidazopyridinethione (106) to give acetone N-phenylimine 
which subsequently reacted (Scheme 25) with imidazopyridine-
thione (106) to afford the traces of imidazolidinethione 
(108). 	Imidazolidinethione derivatives such as (108) are 
generally available in high yields by the electrophilic 
reactions of aldehydes and ketones with imidazopyridinethione 
(106) in the presence of amine s. 3 	The acid-catalysed 
reaction (Scheme 26) of the imidazopyridinethione (106) with 
formaldehyde and 2-aminoethanol to afford the imidazo[2,1 -b] - 
thiazole derivative (112) presumably involves the intermediate 
formation and subsequent cyclisation of the imidazolidinethione 
derivative (111). 
The Vilsmeier formylation 48 (Scheme 27) of imidazo[1,5 -aJ -
pyridine (113a) with phosphoryl chloride-dimethylformamide at 
100° afforded a mixture of two positional isomers, namely the 
1-formyl derivative (114) (yield 72%) and the 3-formyl 
derivative (115) (yield 28%). 	However the analogous formyla- 
tion of the 5-methylimidazopyridine (113b), gave exclusively 
the 1-formyl derivative (116) in quantitative yield. 	The 
lack of formylation at the 3-position in this case is probably 
due to steric hindrance by the 5-methyl substituent. 
Imidazo[ 1 , 5-a]pyridine (113a) affords (Scheme 28) a 
good yield of 1-acetylimidazo[1,5-alpyridine (117) under the 
conditions of Friedel-Crafts acylation using acetyl chloride 
and aluminium trichioride in ref luxing carbon disulphide. 7 
When the 1-position is blocked as in the 1-methylimidazopyridine 
(118) acylation under Friedel-Crafts conditions afforded an 
excellent yield of the 3-acetyl derivative (119). 	Imidazo- 
[1,5-ajpyridine derivatives are also acylated at the 1-position 
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by acid anhydrides as demonstrated (Scheme 29) by the 
reaction of 3-rttethylthioimidazo[1,5-a]pyfidine (120) with 
trifluoroacetic anhydride in dimethylformamide to afford the 
1-trifluoroacetyl derivative (121) 40 
The reaction (Scheme 30) of 3-methylimidazo[1,.5-a]-
pyrazine (102) with acid chlorides and acid anhydrides 49 
resulted in acylation at nitrogen rather than carbon to 
afford after quenching with an alcohol the corresponding 
7-N-acyl-8-alkoxy derivatives (123). 	The transformations 
are analogous to the Reissert reaction 50  and presumably involve 
the intermediacy of N-acyl quaternary salts (122) prone to 
undergo nucleophilic attack at the 8-position thus explaining 
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Scheme 31 
Acetylation (Scheme 31) of hexahydroimidazo[1,5 -a]pyrid-
3(2H)-one (99) was brought about 46  in good yield (75%) by the 
reaction with acetyl chloride and sodium metal in xylene, to 
yield the 2-N-acetyl derivative (124) 
Imidazo[ 1 , 5-a]pyridines have been shown to be difficult 
53 to nitrate 51  and nitrosate. 52, 	Initial attempts (Scheme 
32) to nitrosate imidazo[1,5-a]pyridine (125a) using nitrous 
acid afforded a colourless crystalline solid which was shown 
to be the 1,2,4-oxadiazole derivative (128a). 52 ' 53 This 
-NyNH 
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39 
reaction has been tentatively suggested 52,53  to occur by 
initial nitrosation to afford the oxijuino-intermediate (126a) 
which then ring-opens via the protonated species to a 
nitrilium cation (127a) ring-closure of which yields the 
observed product (128a). 	The 3-methyl- and 3-phenyl- 
imidazopyridines (125b and c) react analogously on nitrosation 
to afford the corresponding oxadiazole derivatives (128b and 
C). 	 A similar process (Scheme 33) was observed by Iwao 
and Kuraishi 38 in the course of the synthesis of imidazo- 
[ 1 , 5-alpyridin- 3( 2H) -one (83) (see scheme 19 before). 	The 
use of excess nitrous acid in this synthesis resulted in the 
formation of the 1,2,4-oxadiazolinone (131). 	The formation 
of this product is explicable (Scheme 33) in terms of further 
nitroation of imidazo[1,5-apyridin-3(2H)-one (85) to give 
the nitro$o intermediate (12), followed by ring-opening to 
the isocyanate intermediate (130) recyclisation of which yields 
the observed product (131). 	This pathway is supported by 
the demonstration by Iwao and Kuraishi 38 that reaction of 
preformed imidazo[1 , 5-a]pyridin-3 ( 2 H) -one (85) with nitrous 
acid affords the 1,2,4-oxadiazolinqne (131) in moderate 
yield. 	This transformation is analogous to that observed 
in the nitrosation of imidazo[1,5-a]pyridine derivatives 
(see Scheme 32 before) and further supports the general 
occurrence of such ring-opening ring-closure rearrangement 
of imidazo[ 1 , 5-a]pyridine derivatives. 	An attempt to 
nitrosate (Scheme 34) 3-methylthioimidazo[1 , 5-a]pyrazine54 
(132) using nitrosonium tetrafluoroborate resulted not in 
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41 
in the formation of the 1.-'nitro derivative (134) in low 
yield. 	The nitro-product (134) is presumably the result of 
the in situ oxidation of the initially formed nitroso-
derivative (133). 
The nitration of imidazo[1,5-alpyridine (125a) is easily 
accomplished under relatively mild conditions. 	However the 
attempted nitration (Scheme 35) of imidazo[1, 5-a]pyridine 
(125a) under standard conditions 53 using concentrated nitric 
acid and concentrated sulphuric acid even in the cold results 
in degradation to picolinamide (135) in low yield. 	On the 
other hand nitration under mild conditions using cupric 
nitrate in acetic anhydride in the cold gave a good yield of 
the 1-nitro derivative (136). 	The 1-nitro derivative (136) 
was also formed (Scheme 35) in low yield by treating the 
hydrogensulphate salt of imidazotl,5-a]pyridine (125a) with 
concentrated nitric acid in 'glacial acetic acid. 	Further 
nitration of the stable 1-nitro derivative (136) was achieved 
using a nitric acid-sulphuric acid-glacial acetic acid 
mixture at 600 to afford a low yield of the 1,3-dinitro- 
imidazopyridine (137). 	The nitration of 3-substituted 
imidazopyridines (125b) and (125c) under standard nitration 
conditions using concentrated nitric acid in concentrated 
sulphuric acid resulted in the formation of the corresponding 
1,2,4-oxadiazoles (128b) and (128c). 	Glover, Peck and 
Doughty 5'1 have suggested that the 3-substituted imidazo-
pyridines (125b) and (125c) are readily oxidised and that 
the nitration can result in simultaneous nitr0sd..4ionby the 
nitrous acid produced during the oxidation process to give 
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rearrange as discussed before (Scheme 32) to afford the 
respective oxadiazole derivative (128). 	In contrast the 
nitration 
51  of 3-methylimidazo[1,5 -a]pyridine (125b) or 
3-phenylimidazo[1 ,5-a]pyridine (125c) with concentrated 
nitric acid and concentrated sulphuric acid in glacial acetic 
acid resulted in low yields (ca.30%) (Schexne35) of the cor- 
responding 1-nitro derivatives (138a) and (138b). 	3-Methyl- 
1-nitroimidazo[1,5 -a]pyridine (138a) is obtained in low yield 
by nitration of the 3-methylintidazo[1,5-alpyridine (125b) 
using cupric nitrate. 
Of the few reactions of bridgehead-[1,5-al-fused 
imidazoles with nucleophiles those involving metallated 
derivatives are by far the most common. 	Thus reaction (Scheme 
36) of the parent imidazo[1,5-ajpyridine (125a) with butyl- 
lithium results in metallation at the 3-position as demonstrated 
by subsequent trapping of the lithio-derivative (1.39) with 
corn ound 
cyclohexanone to give the hydroxycyclohexyl(i).55 When 
the 3-position is substituted, as in the case of the thioether 
(107), metallation occurs at the 5-position 1,2 to give a 
lithio-derivative (141) which can be intercepted by aldehydes 
and ketones 1 to yield the expected hydroxy-compounds (142). 
The lithio-derivative (141) can also be trapped (Scheme 37) 
by benzonitrile, 2 the productsof this reaction being the 
imine (144), the imidazopyridopyrimidine (145) and the inter-j 
estinckaza[ 3 . 2 . 2 ]cyclazine (146) the only reported example of 
this ten it-electron ring-system. 	the imine (144) is the 
expected product of the nucleophilic addition of the carbanion 
(141) to benzonitrile, while formation of the imidazopyrido-
pyrimidine was shown  to be the result of the reaction of the 
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Scheme 40 
by cyclisatson. 	However it was also shown 
2
that the mine 
(144) was not the precursor of theckazacyclazine (146) and 
it has been suggested 
2 that this product is the result of 
the cycloaddition of benzonitrile to the novel 1,3-dipolar 
(dehydro) intermediate (143) derived by the elimination of 
lithium ethanethiolate (LiSEt) from the carbanion (141). 
In contrast to the behaviour of the thioether (107) 
towards metallation (see Scheme 37 before), reaction (Scheme 
38) of the 5-methyl derivative (113b) with butyllithium occurs 
at the methyl substituent to afford a .lithio-derivative (147) 
which can be alkylated in orthodox fashion to afford side- 
56 
chain extended derivatives [e,g, (8)]. 	This behaviour 
of the 5-methylimidazopyridine (113W towards metallation is 
akin to that of 2-methylpyridine. 57 	In contrast to its 
reaction with butyllithium, metallation (Scheme 38) with 
phenyllithium occurs not at the methyl substituent but at 
the 3-position as shown by further reaction with dimethyl- 
formamide to give the 3-formyl derivative (148b) in quantita-
tive yield. 48 	Reaction of the parent imidazopyridine (113a) 
with phenyllithium followed by dimethylformamide also yields 
the 3-formy). derivative (148a) in quantitative yield. 48 
Very few examples of nucleophilic displacement reactions 
of bridgehead-[1,5]-fused  imidazoles are known. 	Transforma- 
tions of this type are exemplified (Scheme 39) by the reaction 
of the 4-chloroimidazo{1,5-ajpyrimidine (149) with diethyl-
amine 8 to give the 4-diethylamino-derivative (150) which in 
turn reacts with ammonia under pressure with displacement of 
the diethylamino-substituent to afford the 4-antinoimidazo- 
[ 1 , 5-a]pyrimidine derivative (151). 	It has been suggested  
that the latter transformation may in fact proceed through! 
a ring-opening process with ammonia followed by ring_closure! 
with loss of diethylamine. 	A similar nucleophilic displace- 
ment (Scheme 40) is represented by the reaction of 5-methyl-
thioimidazo[1,5 -d) - 1 ,2,4-triazines (152) with primary and 
secondary amines (e.g. piperidine) to afford the corresponding 
5-amino-derivative [e,g, (153)].15 
49 
Chapter 2 
Studies of the Electrophilic Substitution 
Reaction of Imidàzo[1 ,5-a]pyridine-3  (2H)-.thione 
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Studies of the Electrophilic Substitution Reactions of 
Imidazo[1 ,5-a]pyridine-3 (210 -thione (1). 
2..1 Introduction 
Recent studies  at Glaxo Group Research (Ware) have 
uncovered unprecedented reactivity (Scheme 1) of imidazo-
[1 ,5 -!Ipyridine-3 (210 -thione (1) towards electrophilic 
reagents such as imines (2) which provides a general, high 
yielding route to 4-(pyri6n-).--yl)imidazolidine-2-thiones (5). 
These studies were prompted by the discovery that in the 
reaction (Scheme 2) of imidazo[1 , 5-a]pyridine-3  (2H) -thione 
(1) with ethyl iodide in acetone the major ethylthio product 
(9) was accompanied by a small amount of the imidazolidine- 
thione derivative (3d). 3 	The formation of the latter 
product is explicable (Scheme 1) In terms of the condensation 
of imidazo[ 1 , 5-a]pyridine -3 ( 2 H) -thione (1) with acetone N- 
phenylimine (2d) formed from the acetone solvent and aniline 
present as a contaminant of the irnidazopyridinethione (1). 
The presence of aniline arises from the mode of preparation 
(Scheme 2) of imidazo[ 1 , 5-a]pyridine-3 ( 2 H) -thione (1) which 
involves S3  the pyrolysis of the thiourea derivative (7) 
derived by reaction of 2-aminomethylpyridine (6) with phenyl 
isothiocyanate, to give aniline and the isothiocyanate (8) 
which spontaneously cyclises to the imidazopyridinethione 
(1). 	It was originally thought  that formation of the 
imidazolidinethione (Sd) was the result of cyclisative 
condensation of the thiourea derivative (7), present as a 
contaminant of the imidazopyridinethione (1), with acetone. 
However the thiourea derivative (7) was shown not to react 
51 
with acetone under the conditions of the formation of the 
imidazolidinethione (5d). 	On the other hand this compound 
was obtained (Scheme 1) in excellent yield (93%) when the 
imidazo[ 1 , 5-a]pyridine -3 ( 2H) - thione (1) is reacted with 
aniline and acetone in the presence of a catalytic amount of 
toluene-4-sulphonic acid. 3 	Moreover the imidazolidinethione 
(Sd) is also formed in high yield by the toluene-4-sulphonic 
acid catalysed condensation of the imidazopyridinethione (1) 
with preformed acetone N-phenylimine (2d). 	The formation 
of the imidazolidinethione (Sd) from the imidazopyridinethione 
(1) and acetone N-phenylimine (2d) can be explained by a 
mechanism (Scheme 1) involving electrophilic attack by the 
imine at the 1-position of the imidazopyridnethione (1) to 
give an intermediate (3d) ring-opening of which affords the 
isothiocyanate intermediate (4d) . 	Subsequent cyclisation 
of the latter then accounts for the formation of the imida-
zolidinethione (Sd). 	The analogous reactions (Scheme 1) of 
the imidazopyridinethione (1) with a variety of aldehydes 
or Ketones and primary amines constitute a general method for 
the synthesis of imidazolidinethione derivatives (5) 
In the light of these novel transformations of the 
imidazopyridinethione (1) with electrophilic imines (2) it 
was of interest to investigate the reactivity of the imidazo-
pyridinethione (1) with electrophilic species in general. 
Such reactions as well as being synthetically useful would also 
be mechanistically interesting because of the possibility that 
initial electrophilic substitution at the 1-position in the 
imidazopyridinethione (1) might be followed by subsequent 
novel ring-opening to functionalised isothiocyanate derivatives 
[see (4)] capable of further cyclisation to interesting 
0 
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52 
heterocyclic products. 	For example (Scheme 3) analogy 
with reactions of the imidazopyridinethione (1) with imines 
(2) (see before) suggests that the aldehyde and ketone 
hydrazones (10) might undergo acid-catalysed reactions with 
the imidazopyridinethione (1) to afford by the routes shown 
either N-aminated imidazàiidinethiones (12) or hexahydro-
1,2,4-triaziniethiones (13) as the ultimate products. 	The 
aims of the studies described in the following chapter were 
therefore to investigate the reactions of the imidazo-
pyridinethione (1) with a variety of electrophilic reagents 
including aldehyde and ketonehydrazones,. heterocumulenes 
and carbonyl compounds, and to obtain evidence for the 
involvement of isothiocyanate intermediatessuch as (11) in 
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2.2 A Modified Synthesis of Imidazo[ 1 , 5- ]pyridine -3 ( 2 ) - 
thione (1) and the Attempted Preparation of Imidazo- 
[ 1 , 5-a]pyridi&3( 2 H) -one (16) and Other Imidazo[1,5-a]- 
pyridine Derivatives 
Before embarking on the study of the reactions of 
irnidazo[1 , 5-a]pyridine'- 3 (211) -thione (1) with electrophilic 
reagents it was decided to seek an improved method (Scheme 
4) for the synthesis of this compound which would make it 
more readily available in large quantity. An alternative 
synthetic method (Scheme 5) for the difficultly accessible 38 
oxygen analogue, imidazo[1,5-ajpyridin-3(2H)-one (16) was 
also sought in the expectation that this compound would show 
chemical reactivity similar to that of imidazo[ 1 , 5-a]pyridine-
3(211)-thione (1). 
Imidazo[1 , 5-a]pyridine -- 3( 2 H) -thione (1) is readily 
synthesised 53  in high yield (Scheme 2) by the condensation 
of commercially available 2-(aminomethyl)pyridine (6) with 
phenyl isothiocyanate followed by thermal cyclisation of the 
resulting thiourea (7) through the probable intermediacy of 
the isothiocyanate derivative (8) formed by the extrusion of 
aniline. 	This method was made more convenient without any 
significant decrease in yield by carrying it out under 'one-
pot' conditions involving the condensation of the amine (6) 
with phenyl isothiocyanate in xylene at room temperature 
followed by heating the resulting solution of the thiourea (7) 
without attempting to isolate it. 	Under these conditions 
the imidazopyridinethione (1) was accompanied by a red 
product, isolated in low yield, whose elemental analysis and 
spectroscopic properties were consistent with its formulation 
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as the 	-imidazolidinethioL-(1+' 	 , This 
structure assignment wasl5cLsuppoxt >capatdS X4c 
analysis.  PThejfluidbI4irr&ui,pL: (14) was also formed in 
variable yield by the reaction of the imidazopy.ridine with 
phenyl isothiocyanate under different conditions (see 
later). 
An attempt (Scheme 5) to extend the synthetic method 
for the imidazopyridinethione(1) to the oxygen analogue, 
imidazo[1 ,5-ajpyridin--3(2H)-one (16) was unsuccessful. 
The imidazopyridinone (16) has been previously synthesised 
in low yield by an alternative method (see Chapter 1, scheme 
lq) described in 1977 by Iwao and Kuraishi. 38 1n the 
present studies the aminomethylpyridine (6) reacted readily 
with phenyl isocyanate to give an essentially quantitative 
yield (97%) of the urea (iSa) whcse- elemental analysis (MA 
spectroscopic properties were fully in accord with the 
assigned structure. 	However, in contrast to the thiourea 
analogue (7) (see Scheme 2 before) heating the urea derivative 
(isa) in xylene gave only a multicomponent mixture together 
with unreacted starting-material (15a). 	Since the failure 
of the urea (iSa) to undergo thermal cyclisation to the 
imidazopyridinone (16) could.be attributed to the relatively 
poor capacity of aniline as a leaving-group it was decided 
to investigate (Scheme 5) the thermal cyclisation of the 
tosylurea derivative (iSb) in the hope that the better leaving-
group capacity of tosylamide would promote the conversion 
into imidazopyridinone (16). 	In practice the aminomethyl- 
pyridine (6) reacted smoothly with toluene-4-sulphonl iso-
cyanate in xylene at room temperature to afford the tosylurea 
55 
derivative (lSb) in good yield. 	However heating the 
tosylurea derivative (lSb) in xylene resulted in the 
recovery of the starting-material in good yield together 
with an intractable red gum and none of the anticipated 
imidazopyridinone (16). 	In an alternative approach to 
this compound (Scheme 6) an attempt was made to use the 
known 59 oxidative conversion of thiocarbonyl derivatives 
into carbonyl compounds to effect the transformation of the 
available imidazopyridinethioi-ie (1) into the imidazopyridinone 
(16). 	However treatment of the imidazopyridinethione (1) 
with alkaline hydrogen peroxide 59  afforded only a low yield 
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2.3 Reaction of Imidazoil .5-alpvridine-3(2H)-thione (1 
with Aldehyde and Ketone Hydrazones 
Analogy with the acid-catalysed reactions of imidazo-
[1,5-ajpyridine-3(2H)-thione (1) with aldehydes or ketones 
and amines (see Scheme 1 before) to give 4-(pyridin-1-yl)-
imidazolidine-2-thione (5) suggested that the imidazo-
pyridinethione (1) might also react (scheme 7) with aldehydes 
or ketones and hydrazines in the presence of toluene-4-
suiphonic acid (tosic acid) to yield the corresponding N- 
amino-pyridylimidazolidinethiones (21) or pyridirYa.-ylhexahydro-
1,2,4-triazinethiones (22). 	Such transformations would 
involve the initial formation of the corresponding aldehyde 
or ketone hydrazones (20) and their subsequent reaction with 
the imidazopyridinethione (1) in processes which would be 
mechanistically analogous (see scheme 3) to the tosic acid-
catalysed reactions of the imidazopyridinethione (1) with 
aldehydes or ketones and primary amines or the preformed 
imines (see scheme i before). 
In practice imida.zo[1.,5-a]jvridine-3(2H)-thione (1) 
reacted smoothly on heating with acetone (18a) and phenyl 
hydrazine (19b) in ethanolic solution in the presence of a 
catalytic amount of tosi6 acid to give a good yield (76%) 
of a product whose spectroscopic properties are consistent 
with either the imidazolidinethione structure (21b) or the 
hexahydro-1 , 2 ,4-triazinethione structure (22b). 	In particular 
its 1 H n.m.r. spectrum shows a broad signal at 64.88 
attributable to either H-4 of the imidazolidinethione struc-
ture (21b) or H-5 of the hexahydrotriazinethione (22b). 
OR 	IN 	NH 
HNt4Ph 










N - t We 
HP4 
(25) 
Mel, MeOH, room temp. 
Ac 20, 1000 













Also clearly evident was a 	-- 	 doublet centred at 68.62 
the chemical shift and coupling constant (3=3.4Hz) of which 
are consistent with its assignment to H-6' of the pyridyl 
substituent. 	Two sharp three-proton singlets at 61.56 and 
50.83 can be attributed to the gem-dimethyl group in either 
of the structures (21b) or (22b). 
The compound (21b) or (22b) was also formed when the 
imidazopyridinethione (1) was reacted with preformed acetone 
phenylhydrazone (20b) in ethanol in the presence of a 
catalytic amount of tosic acid and having failed to unambigu-
ously assign its structure by spectroscopic methods it was 
decided to attempt to establish the structure chemically 
(Scheme 8). 	Initially methylation of the product was tried 
in the expec-4.ation that a methyl derivative (23) or (25) 
would be obtained. In practice the compound failed to react 
with methyl iodide in methanol solution. 	:On. the other hand 
acetylation of the compound occurred on heating with acetic 
anhydride to give a low yield (32%) of a colourless product 
whose analytical and spectroscopic properties are consistent 
with either of the possible monoacetylated structures (24a) 
or (26a) . 	The 'H n.m.r. spectrum of monoacetylated derivative 
(24a) or (26a) shows a mixture of conformers (A and B). 
Conformer A shows two singlets at 61.06 and 60.94 attributed 
to a gem-dimethyl group and a three-proton singlet at 62.17 
due to the acetyl substituent. 	Similarly conformer B shows 
two singlets at 60.85 and 60.76 assigned to the gem-dimethyl 
group and a singlet at 62.29 due to three-protons of the 
acetyl group. 	Surprisingly the product (21b) or (22b) failed 
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Scheme 9 
and 	 being 
(24b) or (26b) ? he starting material)recovered unchanged 
in high yield. 	This lack of reactivity towards acylation, 
by phenyl isocyanate can be attributed to the sterically 
hindered nature of the NH-substituentin the possible 
structure (21b) and (22b). 
Having failed to differentiate the structures (21b) 
and (22b) for the product on the basis of simple derivative 
formation attention was next turned to structure proof 
based on hydrolytic and oxidative degradation. 	However the 
compound was stable to forcing hydrolysis being recovered 
unchanged in high yield after prolonged heating under ref lux 
with either 20% w/v aqueous sulphuric acid solution or 20% 
w/v aqueous potassium hydroxide solution. 	An attempt (Scheme 
9) to dehydrogenate the compound to either of the possible 
dehydro-structures(27) or (29) using activated manganese 
dioxide in dimethylformamide gave no identifiable product. 
In contrast oxidation of the compound with aqueous alkaline 
hydrogen peroxide (Scheme 9) afforded a moderate yield (56%) 
of a product whose elemental analysis and mass and 'H n.m.r. 
spectra were consistent with either the imidazolidinone 
structure (28) or the hexahydro-1,2,4-triazinone structure 
(30). 	However the i.r. spectrum of the oxidation product 
contained a carbonyl band at 1710 cm- 1  whose relatively high 
frequency is more in accord with those of imidazolidinone 
structures [e.g. (28)} which are reported 60  to fall in the 
range 1750-1712 cm 1 . 	In comparison 1,2,4-triazin-3-ones 
[ie (30)] exhibit relatively low frequency i.r. carbonyl 
absorption at 1690-1630 cm- 1.6 	On this basis the oxidation 
product is tentatively assigned the imidazolidinone structure 
mc 	
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(28). 	It follows that the product of the reaction of the 
imidazopyridinethione (1) with phenylhydrazine and acetone 
can be tentatively formulated as the imidazolidinethione 
(21b) rather than the 1,.2,4-triazinethione (22b). 
Since the evidence for the imidazolidinethione struc-
ture (21b) as opposed to the 1,2,4-triazinethione structure 
(22b) for the product of the reaction of the imidazopyridine-
thione (1) with phenylhydrazine and acetone was not very 
convincing it was decided to seek further more compelling 
structure proof. 	it was therefore decided to attempt (Scheme 
10) the reaction of the imidazopyridinethione (1) with 1,1-
disubstituted hydrazines and acetone in the expectation that 
imidazolidinethione (31) formation would still occur but 
1,2,4-triazinethione formation would be inhibited for 
structural reasons. 	In practice reaction of. the imidazo- 
pyridinethione (1) with acetone in the presence of either 
1,1-dintethylhydrazine or 1,1-diphenylhydrazine resulted in 
the involvement of neither of the latter reagents the only 
product isolated in both instances being the bis-imidazo-- 
pyridylmethane derivative (32) (see later). 	-- 	 -- 
Because of the inconclusive nature of the foregoing 
results it was decided to prove the structure of the conden-
sationproduct using an alternative approach. 
Inlight of the evidence of reactivity (Scheme 7) of 
irnidazo[1 , 5-a]pyridine - 3 (2H) -thione (1) towards acetone and 
phenylhydrazine in the presence of a catalytic amount of tosic 
acid to give a good yield of imidazolidinethione (21) or 
1,2,4-triazinethione (22), 	tt was decided to investigate 
the reaction (Scheme 7) of imidazopyridinethione (1) with 
acetone and methyihydrazine (19a) in the presence of tosic 
acid. 	The product ofAwhich  has two possible structures (21a) 
and (22a) of which the 1 H n.m.r. spectrum will allow the 
structure to be conclusively assigned to either the imidazo- 
lidinethione (21a) or 1,2,4-triazinethione (22a). 	The 1  
n.m.r. of the envisaged imidazolidine structure (.21a) would 
show a coupling between the proton and the methyl group of 
the 1-amino substituent. 	Conversely the 1 H n.m.r. of the 
alternative 1,2,4-triazinethione structure (22a) will show 
no such coupling. 	This observation would allow conclusive 
structure assignment of the product from the reaction OF 
imidazopyridinethione (1) with acetone and methylhydrazine 
and by analogy, the structure of the product derived from the 
reaction of imidazopyridinethione (1) with acetone and phenyl-
hydrazine. 	In practice the reaction (Scheme 7) of imidazo- 
E 1 . 5-a]pyridine- 3(2H) -thione (1) with acetone and methyl-
hydrazine, in the presence of tosic acid, gave only a high 
recovery of unreacted imidazopyridinethione (1). 
Although imidazopyridinethione (1) failed to react with 
acetone and methylhydraztne thereby denying structure - 
elucidation, an alternative approach to the problem of 
structure proof would be through the reaction (Scheme 7) of 
imidazopyridinethione (1) with acetone and toluene-4-sulphonyl-
hydrazine (19d) to give either imidazolidinethione derivative 
(21d) or 1,2,4-triazinethione derivative (22d). 	Hydrolysis 
of the possible tosyl derivative (21d) or (22d) may be expected 
to give the corresponding product (21j). or (22j) whose 
spectral and chemical properties will lead to positive struc-
tural elucidation. 	The imidazolidinethione (21j) derived 
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by hydrolysis of the proposed structure (21d) contains a 
prominent N-amino substituent which can be proved by 'H n.m. 
r. spectra or by chemical methods. 	Conversely the 1i1 n.m.r. 
spectrum of the prepared 1,2,4-triazinethione derivative 
(22j) will show no N-amino substituent. 	In practice the 
- 
reaction ofjimidazopyridinethione (1) with acetone and 
toluene-4-sulphonyl hydrazine in the presence of toflc acid 
gave only acetone toluene-4-sulphonyl hydrazone and,jbis-
imidazopyridylthionemethane derivative (..) (see later). 
The available evidence from the foregoing studies 
tentatively indicates that the reaction of the imidazo-
pyridinethione (1) with acetone and phenylhydrazine results 
in the formation of the imidazolidinethione (2Jb). 	In view 
of the deep-seated structural reorganisation involved in 
this transformation and the novelty of the product it was 
decided to investigate the scope of the reactions of 
imidazopyridinethione (1) with aldehydes or ketones and 
hydrazines as well as with the preformed hydrazones (Scheme 
7). 	In practice the imidazopyridinethione (1.) reacts with 
phenylhydrazine (19b) and ketones cjclohexanone (18b) and 
cyclopentanone (iSo) in the presence of a catalytic amount 
of tosic acid to give productswhose spectral analysis is 
in accord with the corresponding structures (21g) or (22g) 
and .(21f) or (22f). 	However imidazopyridinethione (1) 
failed to react with either 	buLanone (lSb), benzaldehyde 
(18e) or acetophenone (18f) in the presence of phenylhydra-
zine and a catalytic amount of tosic acid, to give the 
or 
corresponding imidazolidinethione (21e,h and i)hexahydro-
1,2,4-triazinethione(22e, h and i). 
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The 1 H n.m.n of the product (21f) or (22f) derived 
from the reaction of imidazopyridinethione (1) with phenyl-
hydrazine and cyclopentanone shows two conformers (A and B) 
with singlets at 64.61 and 5.05 respectively which can be 
attributed to the lone proton at the 4-position of the 5-
spiroimidazolidinethione structure (21f) or 5-position of 
the 6-spirohexahydro-1 ,2,4-triazinethione structure (22f). 
The failure of imidazopyridinethione (1) to react 
(Scheme 7) with 4-nitrophenyihydrazine (19c) and acetone in 
the presence of a catalytic amount of tosic acid to give the 
expected product (21c) or (22c) is in line with previous 
attempts (see before, Scheme 7) to react imidazopyridinethione 
(1) with acetone and mono-substituted hydrazines .[ie (19a 
and d)] other than phenylhydrazine, which also failed to give 
the expected imidazofldinethione (21a and d) or 1,2,4-triazi- 
nethione (22a and d) products. 	In contrast to the failure 
	S 
of imidazopyridinethione (1) to react with 4-nitrophenyl-
hydrazine and acetone the imidazopyridinethione (1) did react 
with preformed acetone 4-nitrophenylhydrazone (20c) in the 
presence of. acat1ytic amount of tosic acid to give a moderate 
yield (44%) of a product whose spectroscopic and elemental 
analysis are consistent with the imidazolidinethione structure 
(21c) or 1,2,4-triazinethione structure (22c). 	The 1  n.m.ri 
spectrum reveals two conformers (A and B) for product (21c) 
or (22c). 	Conformer (A) shows two singlets at 61.40 and 60.66 
attributed to a gem-dimethyl group and a one-proton singlet 
at 64.66 due to the hydrogen at the 4-position of (21c) or 
5position of (22c). 	Similarly conformer (B) shows two 
singlets at 61.43 and 60.63 assigned to the gem-dimethyl group 
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and a one-proton singlet at 65.00 due to the 4-position 
hydrogen of (21c) or 5-position hydrogen of (22c). 
:.In contrast to the reactivity of imidazo-
[ 1 ,5-a]pyridine- 3( 2 H) -thione (1) towards preformed acetone 
phenyihydrazone (20b). and acetone 4-nitrophenylhydrazone 
(20c) to give the corresponding (21b) or (22b) and (21c) or 
(22c) products, imidazopyridinethione (1) failed to react 
with either preformed propan-2-one phenyihydrazone (20e) or 
benzaldehyde phenylhydrazone (20h), giving only unreacted 
starting materials. 
Having demonstrated the limited generality.'' of the 
reactions of the imidazopyridinethione (1) with ketones and 
hydrazines and preformed hydrazones it was of interest to 
investigate analogous reactions with related imino species 
such as oximes and amidines (Schem11 and 12). 	However 
the attempted acid-catalysed reaction (Scheme 11) of the 
imidazopyridinethione (1) with acetone oxihie (33) resulted 
only in the isolation of the unreacted starting-material 
(1) rather than either of the expected imidazole (34) or 
oxadiazine (35) products. 	The attempted reaction (Scheme 
12) of the imidazopyridine (1) with acetamidine hydrochloride 
(36) in refluxing ethanol was also unsuccessful the starting-
materials being recovered unchanged in high yield rather 
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2.4 Reactions of Imidazo[1,5-ajpyridine-3(211)-thione (1) 
with Isocyanates and Isothiocyanates 
In view of the apparent tendency (see Scheme 1 and 7) 
for imidazo['1,5-ajpyridine-3(2H)-thione (1) to react with 
inline electrophiles(2), to afford imidazolidines(5), and to 
react with imine electrophile(20) to give either imidazo-
lidinethiones(2)) or 1,2,4-triazinethione (22.), it was of 
interest to investigate the behaviour of the imidazopyridine-
thione (1) towards other imine type electrophilic reagents 
such as isocyanates (Scheme 13) and isothiocyanates (Scheme 
17). 	Reagents of these types could conceivably react 
(Scheme 18) with the imidazopyridinethione (1) at the -i or 
N-2 positions or at the sulphur substituent in the thioenol 
tautomeric form (see Scheme 18;j2.5')) giving, the acyl deriva- 
tives (54), (53) or (551. 	Moreover by analogy with the 
reactions of the imidazopyridinethione (1) with imines and 
hydrdzones already described (see schemes 1 and 7), the ,-i 
acylated species (54) could conceivably undergo further 
rearrangement -through isothiocyanate intermediates (56) to 
imidazolidinethione products (57). 
The reaction (scheme 13) of imidazo[ 1 , 5-a]pyridine-
3(2H)-thione (1) with phenyl isocyanate (38a) in ref luxing 
xylene gave two isomeric solid products. 	The major higher 
melting product (yield 47%;. m.p.230°C) was readily separa-
ted from the minor product (yield .19%, m.p. 154°) because 
of its acidity and on this basis and its analytical and 
spectroscopic properties is readily assigned the C-i amide 
structure (40a). 	The minor isomeric product is readily 
1.9 
assigned. the N-acyl structure (39a) rather than the S-acyl 
structure (41a) on the basis of its spectroscopic properties 
and in particular because of the similarity (Scheme 14) of 
its u.v. absorption to that of an authentic sample of 2-N-
methylimidazo[ 1 , 5-a]pyridinethione (43) and marked difference 
to that of an authentic sample of 3-ethylthioimidazo[1,5-&1-
pyridine (9). 
In further support of its assigned structure the N-
phenylcarbamoyl product (39a). was readily hydrolysed by 
aqueous sodium hydroxide to give the imidazopyridinethione 
(1) and diphenylurea in high yield. 	Conversely the C-phenyl-- 
carbamoyl product (40a) was as expected stable to forcing 
hydrolysis by either 20% w/v aqueous potassium hydroxide or 20% 
w/v aqueous sulphuric acid. 
It was found that the N-phenylcarbamoylimidazopyridine-
thione (39a) was the exclusive product formed in excellent 
yield when the imidazopyridinethione (1) was reacted with 
phenyl isocyanate (38a) in 1,2-dimethoxyethane solution at 
room temperature. 	This result suggests that the initial 
acylation of the imidazopyridinethione (1. ) with phenyl 
isocyanate (38a) occurs at N-2 and therefore that the C-
phenylcarbamoyl product (40a) formed at elevated temperature 
must be the result of the thermal rearrangement of the N-
acyl compound. (39c) most probably (Scheme 13) by thermal 
fragmentation to the imidazopyridinethione (1) and phenyl 
isocyanate (38a) followed by reaction of the latter with the 
former at C-i [Scheme 13, (39a)-*(1)+(38a)-(404)j. 	This 
pathway for the formation of the C-phenylcarbamoylimidazo-
pyridinethione (40a) is substantiated by the thermal behaviour 
of the N-phenylcarbamoylimidazopyridinethione (39a). 	Thus, 
heating this compound in anhydrous xylene resulted in its 
partial conversion into the C-phenylcarbamoylimidazopyridine-
thione (40a). 	The intermolecular (fragmentation-recom- 
bination) as opposed to the intramolecular nature of this 
transformation is supported by the thermolysis of the N-
phenylcarbamoylimidazopyridinethione (39a) under reduced 
pressure in the absence of solvent. 	This resulted in the 
formation of the C-phenylcarbamoyl rearrangement product 
(40a) together with imidazo[1 ,5-a]pyridine-3(2H)-thione (1) 
and phenyl isocyanate (38a) as well as some unreacted start- 
ing-material (39a). 	Interestingly in contrast to its 
thermal instability the N-phenylcarbamoylimidazopyridine-
thioñe (39a) was stable to photolysis being recovered 
unchanged in quank.tative yield after irradiation at 254 nm 
in benzene. 
Reaction of the imidazopyridinethione (1) with methyl 
isocyanate (38b) in 1,2-dimethoxyethane solution at room 
temperature gave a good yield of a product whose elemental 
analysis, spectroscopic properties and chemical transforma-
tions are consistent with the N-methylcarbamoyl structureCq. 
In particular the 1 H n.m.r. spectrum of the product contained 
a one proton singlet due to the proton at C-i in the imidazo-
pyridinethione nucleus demonstrating the lack of a 
substituent in the latter. 	Furthermore the u.v. absorption 
of the product was akin to that of the structurally related 
N-phenylcarbarnoylimidazopyridinethione (39a) and dissimilar 
to that of the C-phenylcarbamoyl compound (40a). 	The N- 
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mcUijtcarbamoyl structure (39b) was further established by 
its hydrolysis in warm aqueous alkali to give imidazo[1,5-a]-
pyridine-3(2H)-thione (1.) in good yield. 	The attempted 
thermal rearrangement of the N-methylcarbamoylimidazopyridine-
thione (39b) in refluxing xylene failed to give. the expected 
C-methylcarbamoyl product (.40b) the only material obtained 
being the irnidazopyridinethiorte (1) (yield 10%) and the 
unchanged N-methylcarbamoyl compound (39b) (recovery 83%). 
The isolation of the imidazopyridinethione (1) in this reac-
tion.indicates that initial thermolysis of the N-methylcar-
bamoyl derivative (39b) does occur to a certain extent and 
the failure to observe any of the expected C-methylcarbamoyl 
rearrangement product (40b) may be due to the volatility of 
methyl isocyanate (38b) and hence its removal from the 
reaction mixture thus preventing its successful recombination 
at the C-i position of the imidazopyridinethione (1). 	To 
test this hypothesis the imidazopyridinethione (1) was heated 
with a tenfold excess of methyl isocyanate (38b) in 1,2-
dimethoxyethane in the hope of observing the formation of the 
C-methylcarbamoyl compound (40b). 	However this reaction 
resulted only in the formation of a quanitative yield of the 
N-methylcarbamoyl product. (39b). 
In marked contrast to its behaviour towards phenyl 
isocyanate and methyl isocyanate, the imidazopyridinethione 
(1) reacted with toluene-4-sulphonyl isocyanate (tosyl 
isocyanate) (38c) in 1,2-dimethoxyethane at room temperature 
to give an excellent yield of a product whose analytical .and 
spectroscopic properties and chemical transformations are 
t1 
fully consistent with the C-tosylcarbamoyl structure (40c). 
In accord with this formulation rather than the alternative 
N-tosylcarbamoyl structure (39c) the compound was stable to 
forcing hydrolysis by aqueous sodium hydroxide and failed 
to undergo thermal rearrangement in ref luxin.g xylene. 	The 
reason for the exclusive C- as opposed to N-acylation of the 
imidazopyridinethione by tosyl isocyanate at room temperature 
may be due to the superior capacity of the latter (compared 
with phenyl isocyanate and methyl isocyanate) as a leaving-
gtoup and hence the position of the equilibrium [Scheme 13; 
(39c)—r(38c)+(1)1 disfavouring the formation of the N-tosyl- 
carbamoyl product (39c). 	This argument is supported by 
the demonstration that the C-tosylcarbamoylimidazopyridine- 
thione (40c) fails to react (Scheme 13) with tosyl isocyanate 
(38c) in either dimethylformamide at room temperature or in 
xylene under ref lux to give the C,N-bis--tosylcarbamoyl product 
(42b). 	However since the C-tosylcarbamoylimidazopyridine- 
thione (40c) also failed to react with phenyl isocyanate (38a) 
under identical conditions to give the C,N-bis-carbamoyl-
product (42c) factors other than the exceptional instability 
of N-tosylcarbamoylimidazopyridinethiones such as (39c) may 
also be important. 	Thus despite the ready formation of the 
C-tosylcarbamoyl product (40c) from the imidazopyridihethione 
(1) and tosyl isocyanate, the closely related reaction of the 
N-phenylcarbamoyl compound (39a) with tosyl isocyanate (38c) 
in 1,2-dimethoxyethane at room temperature failed to afford 
the expected C,N-bis-carbamoyl product (42c). 	This reaction 
gave only the unreacted N-phenylcarbamoyl derivative (39a) 
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to the C-tosylcarbamoy.limidazopyridinethione (40c). 	This 
result indicates steric and possibly also electronic 
inhibition of C-I acylation by the presence of an N-2 acyl 
substituent in the reactions of the imidazopyrid'inethione 
(1) with isocyanates, formation of the C-tosylcarbamoyl 
product (40c) being readily explained by reaction of tosyl 
isocyanate (38c) with the imidazopyridine (1) formed by 
partial fragmentation of. the N-phenylcarbarrtoylimidazo-
pyridinethione (39a). 	A fine balance between the bulk and 
electronic character of the N-2 substituent and the nature 
of the attacking isocyanate is indicated by the behaviour 
(Scheme 15) of the N-me.thylimidazopyridinethione (43) 
towards reaction with isocyanates. 	The N-methylimidazo- 
pyridinethione (43) was found to react readily with tosyl 
isocyanate (38c) in 1,2-dimethoxyethane at room temperature 
to give a product whose analytical and spectroscopic 
properties are fully consistent with its formulation as the 
C-tosylcarbamoyl derivative (44(:,). 	It would appear that 
the lower bulk and electron-donating character of the N-
methyl substituent in the N-methylimidazopyridinethione (43) 
permits its C-i acylation which contrasts markedly with the 
apparent inhibition of C-i attack in the N-phenylcarbamoyl-
imidazopyridinethione (39a) by the greater bulk and electron 
withdrawing character of the N-phenylcarbamoyl substituent. 
The influence of isocyariate reactivity is demonstrated by 
the finding that the N-methylimidazopyridinethione (43) in 
contrast to its ready reaction with tosyl isocyanate (38c) 
failed to react (Scheme 15) with phenyl isocyanate (38a) 
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the C-i carbamoyl product (44a). 	In view of the unreac- 
tive nature of the C-i tosylcarbamoyl compound (40c) towards 
both phenyl isocyanate (38a) and tosyl isocyanate (38c) 
even under forcing conditions it was not surprising that 
the C-i phenylcarbamoylimidazopyridinethione (40a) was 
recovered unchanged after reaction with phenyl isocyanate 
(38c) in dimethylformamide at room temperature or after 
heating under ref lux with tosyl isocyanate (38c) in xylene, 
none of the C,N-bis-carbamoyl products (42d) and (42a) being 
obtained. 
In contrast to its ready reaction (Scheme 13) with 
phenyl isocyanate (38a) the imidazopyridinethione (1) failed 
to react (Scheme 16) on prolonged treatment with phenyl 
isothiocyanate (45a) in 1,2-dimethoxyethane at room tempera-
ture being recovered unchanged in high yield with no evidence 
for the formation of either of the possible adducts (46a) 
or (47a). 	However reaction between the imidazopyridine- 
thione (1) and phenyl isothiocyanate (45a) did occur in 
ref luxing xylene to give a red product (m.p.222°; yield 82%) 
identical in man)' respects to the minor by-product isolated 
in the preparation of the imidazopyridinethione (1) (see 
before, page 63 and Scheme 4) whose analytical and spectro-
scqpic.proper-ties are consistent with the Im1dazoL1diC0L 
structure (14). 	This structure was siipportad 	by a 
partial X-ray analysis and the formation of this product 
from the reaction of the imidazopyridinethione (1) with 
phenyl isothiocyanate accounts for its isolation in the 
formation of imidazopyridinethione (1) by the reaction of 
2-aminomethylpyridine (6) with phenyl isothiocyanate (45a) 
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(see pageS3and Scheme 4). 	The conversion of the 
imidazopyridinethione (1) into the rnIc!zoUdInd}V01(14)  by 
reaction with phenyl isothioyanate is readily explained 
(Scheme 17) by the initial formation of 1-(N-phenylthio-
carbamoyl)imidazo[1 ,5-ajpyridine-3 (2H) -thione (49) followed 
by intramolecular rearrangement through the isothiocyanate 
intermediate t(5O).(S1)] to the imidazolinethiol (:4). 
The attempted reaction of the imidazopyridinethione 
(1) with methyl isothiocyanate (45b) in 1,2-diméthoxyethane 
both at room temperature and under reflux gave neither of 
the expected adducts (46b.) or (47b) the starting-material 
(1) being recovered in high yield. 
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2.5 Reactions of Imidazo[1.,5-a]pyridine-3(2H)-thione (1) 
with Carboxylic Acid. Chlorides and Carboxylic Acid 
Anhydrides 
In the preceding section it was shown that imidazo-
(1,5-ajpyridine-3(2H)-thione (1) reacts with isocyriates 
at room temperature to give either N-carbamoyl or C-carbamoyl 
products (see Scheme 1.3) and in one particular case it was 
shown that 2-(N-phenylcarbamoyl) imidazo[1 , 5-a]pyridine-
3(2H)-thione (39a) undergoes thermal rearrangement to 1-(N-
phenylcarbamoyl) imidazo[1 , 5-a]pyridine -3 (2H) -thione (40a) by 
thermolysis to the imidazopyridinethione (1) and phenyl 
isocyanate (38a) followed by recombination. 	It was therefore 
of interest (scheme 19) to investigate the thermal behaviour 
of 2-(substitute4hcetyl)imidazo[1,5-a]pyridine-3(2H)-thiones 
(58) which might undergo analogous rearrangement to 1-(sub-
stituted acetyl)imidazo[1 , 5-aJpyridine -3 ( 2 H) --thiones (60) 
through thermal fragmentation to imidazo[1,5-ajpyridine-
3(2H)-thione (1) and the corresponding ketene (59) followed 
by recombination at the C-i position. 	To this end a general 
study of the acylation reactions of imidazo[ 1 , 5-a]pyridine-
3(2E)-thiones (1) with carboxylic acid chlorides and 
carboxylic acid anhydrides was undertaken. 
Imidazo[1 , 5-a]pyridine- 3 (211) -thione (1) reacted with 
phenylacetyl chloride in 1,4-dioxane at room temperature in 
the presence of triethylamine to afford an almost quantitative 
yield of yellow solid product whose elemental analysis and 
spectroscopic properties are consistent with its formulation 
(Scheme 19) as 2-N-(phenylacetyl)imidazo[1,5-ajpyridine- 
73 
3(2H)-thione (SBa). 	The presence of a one-proton singlet 
- 	in the 1 H n.rn.r. spectrum of the •product (.58a) due to the 
C-i proton, which would allow its differentiation from the 
alternative C-phenylacetyl structure (60a),. is not readily 
apparent because of masking by other signals. 	However, 
the N-phenylacetyl structure (58a) as opposed to the C- 
phenylacetyl structure (60a.) is supported by the u.v. 
absorption of the product which is akin to that of the N-
carbamoyl derivatives (39a) and (39b) and dissimilar to 
that of the s_.cth>'L 	derivative - 9) 	 (see 
Scheme 14-before). 	Moreover in accord with its N-acyl 
structure (580), as opposed to the C-acyl structure (600-) 
the compound was readily hydrolysed by aqueous sodium 
hydroxide solution at 1000  to afford imidazo[ 1 , 5-a]pyridine-
3(2H)-thione (1) and phenylacetic acid. 
In accord with expectations and by analogy with the 
thermal rearrangement of the N-phenylcarbamoylimidazo-
pyridinethione (39a) to its C-phenylcarbamoyl isomer (40a)- 
(see page 4- and Scheme 13 before) heating the N-phenyl-
acetylimidazo[ 1 , 5-a]pyridinethibne (58a) in toluene resulted 
in its conversion, albeit in low yield (23%) into the C-
phenylacetyl isomer (60a) whose structure is fully supported 
by its combustion analysis and spectroscopic properties. 
The most significant difference ln spectroscopic properties 
between the N- and C-phenylacetyl compounds are in their 
i.r. and 1H n.m.r. absorption. 	Thus the carbAryl absorp- 
tion of the phenylacetyl substituent in the c-acyl compound 

























(1650 cm 1 ) than that of the 1Q-acyl product (58&) the phenyl-
acetyl carbonyl group of which absorbs at 1730 cm- 1. 
Comparison of the 1H n.m.r. spectra of the N-phenylacetyl and 
C-phenylacetyl compounds (58a) and (60a) shows that in going 
from the former to the latter the signals due to the four 
pyridine ring protons are shifted to higher 6-values (de-
shielded) by 0.4-0.8 ppm. 	The C-phenylacetylimidazo- 
pyridinethione (60a) reacted with hydroxylamine to give a 
low yield (10%) of the expected oxime (61), and in accord 
with its C-acyl (as opposed to N-acyl) structure was stable 
to hydrolysis with aqueous sodium hydroxide at 100*. 
The efficiency of the thermal rearrangement [(58a)--
(60a)] was only marginally increased at higher temperature, 
heating the N-phenylacetylimidazopyridinethione (58a) in 
xylene resulting only in a 35% yield of the C-phenylacetyl 
compound (608.). 	Thermolysis of the N-phenylacetylimidazo- 
pyridinethione (58a) in the absence of solvent under reduced 
pressure (Kugelrohr distillation) also resulted in only a 
low yield (28%) of the C-phenylacetyl product together with 
a volatile material tentatively identified as phenylketene 
(59a) on the basis of a band at 2060 cm- 1 62 in its i.r. 
spectrum and its conversion on attempted purification into 
phenylacetic acid. 	On the basis of these observations a 
mechanism (Scheme 21) can be tentatively proposed to account 
for the thermal rearrangement of the N-phenylacetyl compound 
(58a) to the C-phenylacetyl product (60a). 	This involves 
preliminary thermal enolisation [(58a)-(62)] followed by 
thermal fragmentation of the enol (62) to give the imidazo- 
pyridinethione (1) and phenylketene (59a) then recombination 
75 
of the latter with the former at the C-i position to yield 
the observed C-phenylacetyl thermal rearrangement product 
c(1)+(59a) -*(63)-(60a)]sith the intention of obtaining 
further evidence for this mechanism an attempt was made to 
trap the intermediate phenylketene (59a) as its known 63 
cycloadduct (64) with g-benzoquindne. 	However, the therm- 
olysis (Scheme 21) of 2-phenylacetylimidazo[1,5-a]pyridine -
3(2H)-thione (SBa) in ref luxing benzene in the presence of 
g-benzoquinone resulted not in the formation of the cyclo-
adduct (64) but rather only in the formation of intractable 
material from which no identifiable product could be 
isolated. 
Since the thermal rearrangement [(58a)--(60a)] involves 
the possible intermediacy of phenylketene (59a) (see Scheme 
20) , it was of interest to know if analogous rearrangement 
(Scheme 21) would occur through the intermediacy of a non-
aromatic ketene such as methylketene (59b). 	To this end 
the imidazopyridinethione (1) was reacted with propionyl 
chloride in the presence of triethylamine to give a good 
yield (68%) of the expected N-propionyl derivative (Sb). 
The structure of this product was readily assigned on the 
basis of its analytical and spectroscopic.. properties,jn 
particular the alternative C-proonyl structure is excluded 
by the product's u.v. spectrum which closely resembles that 
of 2-phenylacetylimidazo[1 ,S -a]pyridine-3 ( 2H) - thione (58a) 
rather than that of 1 -phenylacetylimidazo[1,5 -a]pyridine- 
3(2H)-thione (60a). 	Moreover its 'H n.m.r. spectrum shows 
a one proton singlet at 67.63 attributable to the C-i proton 
and hence demonstrating the absence of the propionyl 
76 
substituent at this position. 	Unfortunately the ther- 
molysis of the 2-propionylimidazopyridinethione (58b) in 
ref luxing xylene or in the absence of solvent under 
Kugelrohr distillation conditions afforded only intractable 
multicomponent mixtures from which no identifiable material 
could be obtained. 	The failure of the N-propionyl- 
imidazopyridinethione (58b) to undergo clean thermal 
the- 
rearrangement contrasts with kthermal  behaviour of the N-
phenylacetyl derivative (SSa) and can be attributed to the 
lower stability of the methylketene (59b) involved in the 
former reaction compared with the relative stability of the 
phenylketene involved in the latter. 
In a further attempt (Scheme q) to obtain evidence 
for the ketene fragmentation-recombination mechanism (Scheme 
ZI) for the thermal N-acyl to C-acyl imidazopyridinethione 
rearrangement [(58)-.-(60)J it was decided to investigate the 
synthesis and thermal rearrangement of the N-(3,3--dimethyl-
butyroyl) imidazo[1 , S -a]pyridinethione derivative (SBc). 
The thermal rearrangement of this compound to the C-(3,3-
dimethylbutyroyl)imidazopyridinethicne isomer (60c) by the 
proposed mechanism (see Scheme 21) would involve fragmen-
tation to the relatively stable L hütylketene (59c) which 
might therefore be more readily detected by trapping 
experiments. 	In practice the reaction of the imidazo- 
pyridinethione (1) with 3,3 -dime thyl.butyroyl chloride in the 
presence of triethylamine gave a good yield (62%) of a 
product whose analytical and spectroscopic properties were 
consistent with the N-.(3,3--dimethylbutyroyl) structure (58c). 
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product which gave a mass spectrum and showed spectral 
properties consistent with the vinyl ester structure • (65c).  
In particular its i.r. spectrum showed bctnds at 1760 and 
1695 cm- 1  consistent with the carbonyl and double bond 
absorption of a vinyl ester group. 64 	In accord with the 
structure (65c) the 'H n.m.r. spectrum of the amber oil 
showed signals due to two non-equivalent t-butyl groups 
and a one proton singlet at 65.43 and a two proton singlet 
at 62.35 due to a vinyl proton and the protons of a 
methylene group respectively. 	A one proton singlet 
attributable to the C-i proton and the observed chemical 
shifts of the pyridine protons (Table 1) clearly demonstrate 
the N-vinyl ester structure (65c) rather than the alter- 
native C-i vinyl ester structure. 	The vinyl ester structure 
(65c) for the anther oil was further verified by its hydrolysis 
with aqueous sodium hydroxide to give the imidazopyridine- 
thione (1) and 3,3-dimethylbutyric acid. 	An attempt (Scheme 
22) to synthesise the vinyl ester (65c) by reaction of the 
N-(3,3-dimethylbutyroyl)imidazopyridinethione (58c) with 3,3-
dirnethylbutyroyl chloride gave only a high recovery of 
unreacted starting-material (58c). 	This result is surprising 
in view of the likely intermediacy of the N-(3,3-dimethyl-
butyroyl) derivative (58c) in the formation of the vinyl ester 
derivative (65c). 	The reaction (Scheme 22). of the imidazo- 
pyridinethione (1) with two equivalents of 3,3-dimethylbuty-
royl chloride in the presence of triethylamine gave a much 
increased yield (52%) of the oily vinyl ester (65c) and a 
correspondingly lower yield (35%) of 2-N-(3,3-dimethylbutyroyl)- 
Vt] 
imidazo[1,5 -a]pyridine--3 ( 2 H) -- thione (SSc). 	However this Kind OF 
behaviour of the imidazopyridinethione (1) with acid 
chlorides 	Was, not, gen-r&t; Thus its reaction with 
two equivalents of phenylacetyl chloride in the presence of 
triethylamine resulted in a good yield (78%) of the 2-N- 
phenylacetyl derivative (58a) obtained before. 	Also formed 
in this reaction was a small amount of an amber oil which 
is possibly the vinyl ester (65a) but was obtained in 
insufficient amount for characterisation. 	Reaction of the 
imidazopyridinethione (1) with two equivalents of propionyl 
chloride in the presence of triethylamine likewise gave a 
good yield (66%) of the previously characterised 2-N-propionyl 
derivative (65b). 	An amber oil also isolated in low yield 
(28%) from this reaction showed i.r. absorption closely 
similar to that of the vinyl ester (63c) and is therefore 
tentatively formulated as the analogous vinyl ester derivative 
(65b).  
Unexpectedly the attempted thermolysis of the N-(3,3-
dimethylbutyroyl)imidazopyridine (58c) by prolonged heating 
in xylene failed to result in its rearrangement to the 
expecLcd C-acyl derivative (60c) , the unreactive starting 
material (58c) being recovered in quantitative yield. 	The 
reason for the stability of the N-(3,3-dimethylbutyroyl) 
derivative (58c) to thermal rearrangement is not clear but 
may be due to steric inhibition by the tert.butyl substituent. 
The known 63  relativestability of chloroketene (59d) and 
dichioroketene (59e) prompted the attempted synthesis 
(Scheme iCf) of the chloroacetylimidazopyridinethione (SSd) 
79 
and the dichloroacetylimidazopyridinethione (58e) and the 
study of the thermal rearrangement (Scheme 21) of these 
compounds, in the hope of obtaining evidence for the 
intermediacy of the chioroketenes (5.9d) and (59e). 	How- 
ever, these studies were thwarted by the failure of the 
e_1 Lher 
imidazopyridinethione (1) to react withfiTroacety1 
chloride or dichloroacetyl chloride in the presence of 
triethylamine to •give the required acyl derivative (SSd) 
These reacbions 
or (58e).jgave only uncharacterisable gums. 
In view of the instability of the N-propionylimidazo-
pyridinethione (58b) towards thermal rearrangement and the 
contrasting thermal stability of the N-(3,3-dimethyibutyroyl)-
imidazopyridinethione (•58c) it was of further interest to 
investigate the thermal behaviour of the N-acetyl derivative 
(58f). 	The thermal rearrangement of this N-acylimidazo- 
pyridinethione by the postulated fragmentation-recombination 
mechanism (Scheme J) would involve the intermediacy of the 
parent ketene (59). In practice the triethylamine-catalysed 
condensation of imidazo[ 1 , 5-a]pyridine-3 ( 211 ) -thione (1) with 
acetyl chloride afforded a..high yield (83%) of the N-acetyl-
imidazopyridinethione (58f) which analysed correctly and 
showed spectroscopic properties in accord with its N-acyl 
as opposed to C-acyl structure. 	The N-acetylimidazo- 
pyridinethione (58f) was also formed in lower yield (57%) 
by heating the imidazopyridinethione (1) with acetic 
anhydride. 	Also formed in this reaction was an isomeric 
product whose analytical and spectroscopic properties con-
firm its formulation as the C-acetyl derivative (60f). 
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derivative (58c), the attempted thermolysis of the N-
acetylimidazopyridinethione (58c) in ref luxing xylene gave 
only the unreacted starting-material in quantitative yield. 
The foregoing studies indicate that the thermal 
rearrangement of N-2-acylimidazopyridinethiones (58) to 
C-1-acylimidazopyridinethiones (60) possibly via a 
fragmentation-recombination process involving ketene 
intermediates, appears 	 - 	to be confined to 
the phenylacetyl derivative (58a). 	It was therefore of 
further interest (Scheme 23) to consider if the corresponding 
N-benzylsulphonylimidazopyridinethione (66) might undergo 
analogous thermal rearrangement to the 1-benzylsulphonyl-
imidazopyridinethione (68) through the intermediacy of the 
imidazopyridinethione (1) and a highly reactive sulphene 
intermediate (67) . 	Suiphenes have never been isolated but 
their transient existence as reactive intermediates is well 
65 established . 	In practice, however, the attempted 
synthesis of the required N-benzylsulphonylimidazopyridine-
thione (66) by reaction of the imidazopyridinethione (1) 
with benzylsulphonyl chloride in the presence of triethyl-
amine led only to a complex mixture from which no 
identifiable material could be isolated. 
In the course of the previously described studies it 
was observed that solutions of the N-acylimidazopyridine-
thiones (58) were photolabile and it was decided to 
investigate the photochemical behaviour of these compounds 
in more detail. 	Thus irradiation of a benzene solution 
of the N-phenylacetyl derivative (58a) at 254 nni in a 
RE 
Hanovia photochemical reactor resulted in its rearrange-
ment in low yield (37%) to the C-phenylacetyl derivative 
(60) together with intractable mixtures. The photochemical 
rearrangement [(58a)-(60a)] may occur by the same fragmen-
tation-recombination mechanism involving a ketene inter-
mediate as already postulated for the thermal process (see 
Scheme 21) but prcceThed by photoenolisation. Alternatively 
the photorearrangement ((58a)60a)] may occur by a radical 
fragmentation-recombination process. 	The latter mechanism 
is supported by the low yield of the rearrangement product 
(60a) and the extensive by-product formation indicated by 
the complex mixtures also produced. 	A radical fragmen- 
tation.-recombination mechanism (scheme 24) is also indicated 
by the photochemical rearrangement of the N-propionylimidazo-
pyridinethione (58b) and the N-(3,3-dimethylbutyroyl)-
derivative (58c) both of which as already discussed fail to 
undergo thermal rearrangement. 	Thus photolysis (Scheme 24) 
of the N-propionylimidazopyridinethione (58b) at 254 nm in 
benzene, afforded, together with unreacted starting-material 
(5%) a low yield (10%) of an isomeric product whose analytical 
and spectroscopic properties are consistent with the rearranged 
C-acyl structure (60b). 	In particular its i.r. spectrum 
shows NH-absorption at 3100-2600 cm- 1  and low frequency 
carbonyl absorption at 1650 cm -1  consistent with the C-
propionyl structure and in contrast to the high frequency 
carbonyl absorption at 1730 cm- 1  of the N-propionyl structure 
(SBb). 	In further support of the assigned structure of the 
rearrangement product (60b) the 'H n.m.r. absorption of its 
ciownpeQ 
pyridine ring protons shows the expected 0.2-0.9 ppmAshift 
consequent on the change from an N-acyl to a C-acyl 
structure (see later, page 97 ). 	 Irradiation of a benzene 
solution of the N- (3, 3-dimethylbutyr oyl) imidazopyridine-
thione (58c) at 254 run also resulted in its conversion in 
low yield (9%) into the C-(3,3-dimethylbutyroyl)-
derivative whose structure is fully supported by its analy-
tical and spectroscopic properties. 
With a view to obtaining some evidence for the 
mechanism of the photolytic N-*C rearrangement of N-acyl-
imidazopyridinethion3s (58) an attempt (Scheme 25) was made 
to trap the phenylketene intermediate (Sa) possibly involved 
in the photolytic rearrangement of the N-phenylacetylimidazo-
pyridinethione (58d), by the known  66  cycloaddition of ketenes 
with cyciopentadiene. 	However the photolysis of the N- 
phenylacetylimidazopyridinethione (58a) in benzene in the 
presence of cyciopentadiene gave none of the hoped for 
cycloadduct (69), only a low yield (37%) of the imidazo-
pyridinethione ( I ) together with an intractable mixture 
being obtained. 
The observed photolytic N-C rearrangement (Scheme 24) 
of the N-acylimidazopyridinethiones (58a-c) indicates the 
operation of a fragmentation mechanism other than that 
involving a ketene intermediate suggested for the analogous 
thermal rearrangement [Scheme 21; (58) ~ (60)1. 	It was 
therefore of interest to investigate the possible thermal 
and photochemical rearrangement (Scheme 26) of N-aroylimidazo-
pyridinethiones (70) which,lacking hydrogen atoms alpha to 
CNr~ NH H CNr~ N 
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the carbonyl substituent cannot undergo N-IC acyl rearrange-
ment by a fragmentation-recombination process involving a 
ketene intermediate. 	In practice reaction of the imidazo- 
pyridinethione (1) with benzoyl chloride in 1,4-dioxane in 
the presence of triethylamine gave a good yield (72%) of a 
product which ) though too unstable to give a correct coinbvs-
tion analysis, showed spectroscopic properties consistent 
with its formulation as 2-benzoylimidazo[1,5-a]pyridine - 
3(2H)-thione (70a). 	The instability of this compound 
thwarted the study of its thermal or photochemical rearrange- 
ment. 	The more stable 2-(2-nitrobenzoyl)imidazopyridine- 
thione (70b) was obtained in quantitative yield by the 
analogous triethylamine-catalysed condensation of the 
imidazopyridinethione (1) with 2-nitrobenzoyl chloride. 
The nitrobenzoylimidazopyridinethione (70b) analysed 
correctly and showed spedtroscopic properties consistent 
with the assigned structure. 	However-confirmation of the 
structure (70b) by reduction to the amine (71 ) was un- 
successful. 	Thus, the attempted reduction of the nitro- 
benzoylimidazopyridinethione (70b) by heating with sodium 
dithionite in aqueous ethanol resulted in deacylation to 
the imidazopyridinethione (1) together with a multicomponent 
gum. 	A. variety of other conditions, namely treating with 
sodium dithionite or iron fil ings in glacial acetic acid 
or heating with trimethyl phosphite in toluene, all resulted 
in either multicomponent mixtures or dark intractable solids; 
The attempted thermal rearrangement (Scheme 26) of the N-
2-nitrobenzoylimidazopyridinethione (70b) to the isomeric 
H C~N N 	CN li 
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C-'acyl compound (72b) in the absence of solvent under 
distillation conditions led only to a multicomponent 
mixture. 	Likewise the attempted photolytic rearrangement 
: [(70b)- (726] resulted only in extensive tar formation, no 
identifiable product being obtained. 
The demonstration of the N-C rearrangement (Scheme 27) 
of the N-tosylimidazopyridinethione (73) to the C-tosyl 
isomer (74) was thwarted by the inaccessibility of the 
former compoupd. 	Thus the attempted reaction (Scheme 27) 
of the imidazopyridinethione (1) with toluene-4-sulphonyl 
(tosyl) chloride in 1 ,4-dioxane in the presence of triethyl-
amine gave none of the required N-tosyl derivative (73) 
but only a multicomponent. mixture. 
Having demonstrated the tendency for imidazopyridine-
thione (1) to undergo acylation ak both the N-2 position and 
the C-i position it was of interest to see if diacid chlorides 
would condense at the C-i and N-2 position simultaneously 
affording polycyclic structures. 	Thus (Scheme 28) the 
imidazopyridinethione (1) could conceivably condense with 
malonyl chloride to give the potentially tautomeric tricyclic 
structure ((7S) e(76)(77)]. 	In fact the reaction of the 
imidazopyridinethione (1) with malonyl chloride in the 
presence of triethylamine gave only a low recovery (40%) of 
the unreacted starting-material (1) and intractable mixtures 
which failed to yield any of the expected tricyclic product 
(77). 	However the reaction of the imidazopyridinethione 
(1) with succinoyl chloride in the presence of triethylamine. 
was more successful (Scheme 28). 	This reaction afforded a 
product in quantitative yield whose eirz 
• 	 17yMCL. 
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spectroscopic properties have allowed it to be tentatively 
assigned as the tricyclic hydroxy-enone structure (78). In 
particular its i.r. spectrum showed peaks at 3180, 1715 and 
1650 cm, attributed to the absorption of the hydroxy, 
carbonyl and double bond sustituents of the structure (78) 
and clearly excludes the diketone structure (79), the diol 
structure (81) and also the isomeric hydroxy-enone structure 
(80), whose carbonyl group, in accord with 
1_acylimidezopyridinethi0ne derivatives described before, 
would be expected to exhibit a low frequency carbonyl 
absorption. However, the 1H n.m.r. spectral data does not 
fully support the assignment of the tricyclic hydroxy-eflofle 
structure (78) to the product, isolated from the reaction of 
imidazopyridinethione (1) with succinoyl chloride in the 
1kc. hycLrox -w'onc. struc±urc (ie) 
presence of triethylamine. 	does not account for the 
high chemical shift of the H-2 proton at 67.31 or its lack 
of coupling with the 3-CH2 protons. 
The imidazopyridinethione (1) also reacted (Scheme 29) 
with phthaloyl chloride (82) in dioxane in the presence of 
triethylamine to af fort a high-melting, dark maroon solid in 
high yield (98%) whose analytical and spectroscopic 
properties and chemical transformations are entirely 
consistent with the tetracyclic dione structure (83). Its 
i.r. spectrum showed two carbonyl bonds at 1710 and 1645 
cm in the ranges expected for N-2 and C-l-acylimidazO-
pyridinethiones (See before). In addition the 1H n.m.r. 
piici 
absorption of the pyridine ring protons at positions 9, 
10, 11 and 12 in the structure (83) shows the deshielding 
consequent on the presence of the carbonyl groups at 
the 5- and 13- positions (See later). In accord with its 
structure, the tetracyclic product (83) underwent 
hydrolysis on heating with aqueous sodium hydroxide or 
potassium hydroxide to afford the ring opened 
carboxylic acid (84) in quantitative yield. The 
r 







(i) benzene or xylene, heat 
Scheme 30 
exceptional shielding of the C-8 proton in this compound 
suggests its partial existence at least in the ring tauto-
meric structure (85) (see page 99). 	Heating the acid at 
240 0  under reduced pressure resulted in its sublimation and 
reconversion into the ring-closed tetracyclic product (83) 
Heating the tetracyclic product (83) with ethanolic sodium 
ethoxide also afforded the carboxylic acid (94-) in good 
yield and not the expected ester (86). 	The imidazopyrido- 
isoquinoline (83) reacted with hydrazine hydrate in 
dimethylformamide at room temperature to give in addition 
to some unreacted starting-material (83) (18%), a high-melting, 
insoluble brown product. 	This compound is tentatively 
formulated as the phthalazinone derivative (88) on the basis 
of its spectroscopic properties. 	The formation of this 
compound is readily explained by hydrazinolysis of the 
tetracyclic compound (83) to give the hydrazide derivative 
(87) followed by dehydrative cyclisation of the latter. 
The reactivity of the imidazopyridinethione (1) with 
maleic anhydride (123) was also investigated (Scheme 30) in 
the hope that the fully unsaturated imidazopyrid .opyridine 
(124) would be formed. 	However, in practice, heating the 
imidazopyridinethione (1) with maleic anhydride in benzene 
or xylene gave only the unreacted starting-material together 
with multicomponent mixtures. 
In a further attempt to demonstrate the annelation of 
the imidazopyridinethione (1) with a bis-electrophilic 
reagent (Scheme 31) its condensation with isatoic anhydride 
(89) was studied. 	It was hoped that the product of this 
reaction would be the fused diazepinedione derivative (90) 
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Table 1 
M.Pt. N.M.R. 'H N.M.R. (Chemical Shifts ô) 
Position 
2-Acyl derivatives (*C) solvent 	1 	5 	6 	7 	8 
58a• 141 (CD 3)2so 7•26a 8.07 6.62 6.76 7•26a 
b 128 CDC1 3 7.63 8.28 6.44 6.70 7.07 
C 148 CDC1 3 7.58 8.26 6.43 6.69 7.04 
f 120 (CD 3 ) 2 30 7.63 8.28 6.45 6.68 7.08 
70. 82 CDC13 750 a 800a 6.70 6.90 750C 
b 154 .CDC1 3 7.75 8.04 6.36 6.70 7.08 
65 
- CDC1 3 7.14 8.18 6.42 6.65 7.04 
1 -Acyl derivatives 
60a 	233 (CD 3 ) 2 so 	- 8.48 7.06 7.46 8.06 
b 	235 (CD 3 ) 2 S0 	- 8.45 7.02 7.43 8.01 
C 	 212 (CD 3 ) 2 s0 	- 8.46 7.03 7.43 8.09 
f 	236 (CD 3 ) 2 S0 	- 8.47 7.02 7.43 8.02 
84 	289 (CD 3 ) 2 50 	- 8.42 6.91 7.18 6.48 
61 	190 (CD 3 ) 2 so - 8.15 6.73 6.95 7.64 
1 	161 	(CD 3 ) 2 S0 7.31 	8.07 6.56 6.74 7.33 
1 	161 	CDC1 3 	7.04 8.23 6.51 	6.78 7.18 
(a) approximate position 
FWA 
or alternatively the imidazopyrid:oquinazolinone (91). 
The reaction (Scheme 32). of. the hexahydroimidazopyridine 
derivative (92) with isatoic anhydride (89) has been 
reported 67  to afford the hexahydroimidazopyridinoquinazo-
linone (93) though in low yield. 	In the present studies 
heating the imidazopyridinethione (1) with isatoic 
anhydride (89) in toluene gave only an unresolvable mixture 
of the two starting-materials (1) and (89) with no evidence 
for the formation of either of the possible products (90) 
or (91). 
An analysis of, the 'H n.m.r. absorption of the various 
.imI.dathpyridinethione derivatives obtained in the 
foregoing studies reveals, a significant difference in the 
pattern (Table 1) of the chemical shifts of the four protons 
attached to the fused pyridine ring depending on whether 
the 1-position or 2-position is acylated. 	In general, with 
allowance for solvent shift differences the four pyridine. 
ring protons are considerably more deshielded in the case 
of C-i acyl derivatives [e.g. (60a-c) and (84)3 compared 
with those in N-2 acyJ. compounds [e.g. (58a-c and f) (70a 
and b) and (65)] whose chemical shifts differ little from 
those of the pyridine ring protons in the parent imidazo-
pyridinethione (1). 	Consideration of the 'H n.m.r. 
absorption of the C-1'-phenylacetylimidazopyridinethione (60a) 
(s8a 
with its N-2-phenylacetyl isomerdemoñstrates the chemical 
shift differences between the individual pyridiné ring 
protons in the two types of acyl structure to be of the 
order of 0.4-0.8 ppm with the pyridine ring protons of the 
C-i acyl compound (60a) being uniformly the more.. deshielded. 
7.34 

























The C-5 proton is the least deshielded in going from the 
N-2--acyl compound (58a) to the C-1-acyl isomer (60a) whereas 
the C-8 proton is the most deshielded by this change, the 
C-6 and C-7 protons suffering significant but lesser de-
shielding.. These features are mirrored by other C-i- 
acyl and N-2-acylimidazopyridinethiones (Table 1). 	The 
- 1;enhanced deshielding of the C-8 proton compound 
the other pyridine ring protons in C-1--acyl compounds 
distinguishes them from their N-2-acyl isomers, thus allowing 
the unambiguous assignment of structure to both types of acyl 
compound (see before). 	The exceptional deshielding of the 
C-8 proton in C-l-acylimidazopyridinethiones (Table 1) can be 
attributed to the anisotropic effect of the C-i carbonyl 
group and provides a further example of well known 68,69  
deshielding of pen-protons by carbonyl substituents. 	An 
illustrative example o f this type of deshielding (Scheme 33) 
is provided by comparison of the C-8 proton chemical shifts 
of the iniidazopyridine 	derivatives ((94)-(98)]. The 
deshielding effect of a C-1-acyl substituent on the C-8 
proton of a C-l-acylimidazopynidinethione (60) is further 
highlighted by a comparison of the 'H n.m.r. absorption of 
the C-i-phenylacetyl compound (60a) and its oxime (61). 
The C-8 proton in the latter compound is less deshielded than 
that in the ketone (60a) as a result of the anticipated 
lesser anisotropic deshielding effect of the oxime group 
compfled with the parent carbonyl compound. An interesting 
feature of the 'H n.m.r. data collected in Table 1 is the 
apparently anomalous shielding of the C-8 proton in the C-i-
acyl compound (84) which absorbs at 66.48. 	However this 
McJ-OH 	 H 
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apparent anomaly is readily interpreted (Scheme 29) in 
terms of the existence of the keto-carboxylic acid (84) at 
least par tly in the ring tautomeric lactol form (85), with 
a consequent masking of the C-i carbonyl substituent and 
hence a reduction in its anisotropic shielding effect. 
2.6 Reactions of Imidazo[1,5-jpyridine-3(2fi)-thione (I 
with Miscellaneous. Carbonyl Compounds 
Throughout the investigations conductod at Glaxo Group 
Research (Ware) Limited 70  and during the present studies on 
the reactions of the imidazopyridinethione ( I ) with amines 
or hydrazines and acetone in the presence of toluene-4- 
sulphonic (tosyl) acid a common by-product was isolated in 
varying yields whose analytical and spectroscopic properties 
are in accord with the di - (imidazo[ 1 , 5-a)pyrid--1-yl)propane 
structure [Scheme 34; (SZ)]. 	In particular the 1 H n.m.r. 
spectrum of the by-product showed the symmetry consistent 
with the structure ( 32) and in further accord with the 
latter lacked absorption due to C-i protons. 	The formation 
of the di-(imidazopyrid-i-yl)propane (3.21 as a by-product 
in the reactions of the imidazopyridinethione (1) with 
amines or hydrazines and acetone in the presence of tosic 
acid is readily explained (Scheme 34) by the acid-catalysed 
condensation of acetone with imidazopyridinethione (1) at 
the 1-position to give a carhincl intermediate (99). 
Further acid-catalysed reaction of the latter with 
OCHy2 
~ NyNH O=CH 

















(i) HCO 2 H, room temp. 
Scheme 36 
WK 
imidazo(1,5-ajpyridine-3(2H)-thione then accounts for the 
formation of the observed by-product [Scheme 34; (99)+(1) 
-(100)-0)]. In accord with this proposal heating the 
imidazopyridinethione (1) with acetone in the presence of 
tosic acid resulted in its conversion in high yield (79%) 
into the di-(imidazopyridyl)propane  
In the light of the ready acid-catalysed condensation 
(Scheme 34) of the imidazopyridinethione (1) with acetone 
to give the bis-condensation product ( 32) it was of 
interest to explore the acid-catalysed condensation of 
imidazo[i ,5'-a]pyridine-3 (211) -thione (1) with other simple 
carbonyl compounds. 	In an extension of the reaction with 
acetone, the condensation (Scheme 35) of the imidazo-
pyridinethione (1) with ortho-phthalaldehyde (102) in the 
presence of tosic acid was attempted in the hope of obtaining 
the tetracyclic product (103) by simultaneous bis-electro-
philic condensation at the C-i and N-2 positions of the 
imidazopyridinethione (1). In practice this reaction afforded 
only a low recovery (37%) of unreacted ortho-phtha!aldehyde 
(10.) together with an intractable mixture from which no 
identifiable material could be obtained. 
The reaction (Scheme 36) of the imidazopyridinethione 
(1) with formic acid at room temperature gave a poor yield 
(33%) of a high-melting yellow solid which gave accurate 
mass data consistent with the molecular formula C 12H 10N4 S 2 . 
The i.r. spectrum of the product was uninformative but its 
111 n.m.r. spectrum showed signals for protons in only five 
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to the pyridine protons of an imidazo[ 1 , 5-a]pyridine 
nucleus and the fifth to an NH-proton. 	A particular 
feature of the 'H n.m.r. spectrum of the compound was the 
absence of a signal attributable to a C-i proton demon-
strating the presence of a C-i substituted imidazo[1,5 -a] - 
pyridine nucleus. 	These spectroscopic features in 
conjunction with the molecular formula of the product 
allow, its tentative formulation as the imidazopyridyl- 
imidazopyridine derivative (104). 	The formation of this 
totally unexpected product would require the oxidative 
imerisation of the imidazo[1 , 5-a]pyridine-3 ( 2 H) -thione 
(1) through the C-i positions by an unknown mechanism 
presumably involving formic acid as the oxidising agent. 
2.7 Reactionsof Imidazo[1 ,S -a]pyridine -3 ( 2 H) - thione (1) 
with Miscellaneous Electrophilic Reagents 
The foregoing studies with imidazo[1,5-a]pyridine-
3(2H)-thione (1) demonstrate the susceptibility of this 
molecule to reaction with carbonyl electrophiles at the C-i 
and N-2 positions. 	It was therefore of further interest 
to investigate the behaviour of the imidazopyridinethione 
(1) towards other electrophilic reagents such as oxircines 
and nitrogen containing species. 
The acid-catalysed condensation (Scheme 37) of phenl-
oxirane (styrerie oxide) with imidazo[ 1 , 5-0-Ipyridine - 3( 2H) -
thione (1) at the C-i position could lead through 
3N1  or 
S2-type oxirane ring-opening to two distinct intermediates 
(106) and/or (109). 	By analogy with the rearrangement 
+ H 
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process already encountered in section 2.3 ring-opening of 
the initial condensates (106) and/or (109) could lead to 
isothiocyanate intermediates (107) and/or (110) subsequent 
ring-closure of which would afford novel oxazinethiones (108) 
and/or (111). 	Alternatively (Scheme 38) reaction of phenyl- 
oxirane (105) with the imidazopyridinethione (1) could occur 
at N-2 to give via 5N1  or S N  2 type oxirane ring-opening the 
simple N-substituted products (112) and/or (113). 	In 
practice the imidazopyridinethione (1) reacted smoothly with 
phenyloxirane (105) in 1,2-diinethoxyethane in the presence 
of tosic acid to afford a good yield (74%) of a single green 
product whose elemental analysis and i.r. and 'H n.m.r. 
spectra are consistent with either of the simple N-substituted 
imidazopyridinethione structures (112) or (113). 	Thus the 
product showed i.r. absorption due to a hydroxyl group and 
its 'H n.m.r. spectrum contained absorption attributable to 
a C-i proton thus excluding a C-i substituted product. The 
product is assigned the SN1  derived 2-(imidazo[1,5-a]-
pyridin-2-yl)-2-phenylethanol structure on the basis of its 
13 C n.m.r. spectrum which contains absorption due to a 
methylene carbon whose chemical shift (665.48) is entirely 
consistent 64  with a primary alcoholic grouping (CH 2OH) thus 
confirming the structure (112) and excluding the SN2_derived 
alternative (113). 
The structure assignment (112) for the product of the 
acid-catalysed reaction of the imidazopyridinethione (1) 
with phenyloxir&nt- , (105) was further confirmed by its 
chemical transformations (Scheme 39). 	Thus its hydroxyalkyl 
structure (112) was confirmed by reaction with phenyl 
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isocyanate to afford the urethane derivative (114) while 
its hydrolysis by heating with ethanolic sodium ethoxide 
to give imidazo[ 1 . 5-alpyridine -3 ( 2 H) -thione (1) verified 
its N-substituted imidazot 1 ,S-a] pyridine-3 (2H) -thione 
structure.. The attempted conversion of the alcohol 
product (112) into the chloro-compound (115) by reaction 
with thionyl chloride was unsuccessful giving only an 
intractable mixture. 	Attempted oxidation of the primary 
alcohol substituent in the condensation product (112) to 
give the carboxylic acid (116) was also unsuccessful. 	Thus 
treatment with chromium trioxide in aqueous acetic acid 
afforded a multicomponen.t mixture from which only a small 
quaTtI.y of picolinamide (identified by comparison with an 
authentic sample) was isolated. 
The study of the reactions of imidazo[ 1 , 5-a]pyridine -
3(2H)-thione (1). with electrophilic species was also 
extended to include nitrogen-containing reagents such as 
benzenediazonium ion and nitrosonium ion (NO +) 	In the 
case of the benzenediazonium ion (Scheme 40) it was 
anticipated that coupling with the imidazopyridinethione 
(1) would occur at C-i to give an azo-product (117) which 
might be susceptible to rearrangement through ring-opening 
to a transient isothiocyanate intermediate (118) set up 
for recyclisation to a 1.,2,4-triazolethione (119). 	In 
fact reaction of the imidazopyridinethione (1) with 
benzenediazonium chloride in the presence of sodium acetate 
gave in addition to intractable gums, a low yield (19%) of 
a yellow product whose accurate mass and spectroscopic 
properties are consistent with the 1,2,4-triazolethione 
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structure (119). 	The alternative isomeric azoimidazo- 
pyridinethione structure (117) for the product cannot 
definitely be ruled out but is considered unlikely on the 
basis of 1Hn.m.r. evidence. 	Thus the coupling constants 
for the 1 H n.m.r. splitting of the pyridyl protons in the 
product are more consistent with the •unfused pyridine 
nucleus in the structure (119) than with the fused pyridine 
nucleus in the imidazopyridinethione structure (117). 
However further evidence will be required to fully sub-
stantiate the structure (119) for the product of the 
reaction of the imidazopyridinethione (1) with the benzene-
diazonium cation. 
In chapter 1 a reaction was described (see page 39 
Scheme 33) in which the nitrosation 38 ' 4 of imidazo[1,5-a] -
pyridin -3(2H) -one resulted in rearrangement to a (pyrid- 
Is 
2-yl)-1 ,2,4-oxadiazolone. 	By analogy withxtransformation, 
the nitrosation (Scheme 41) of imidazo[ 1 , 5- a]pyridine-3 ( 2 H) --
thione (1) should lead to the C-i nitroso-derivative (120) 
rearrangement of which through the isothiocyanate inter-
mediate (121) might then afford the oxadi&tOtdhIit4122). 
In practice the nitrosation of the imidazopyridinethione 
(1) with sodium nitrite or ethyl nitrite in acidic solution 
led only to multicomponent mixtures from which no identifi-




aâolution of 2-(aminomethyl)pyridine (6) (10.8 g, 0.1 
mol) in anhydrous xylene (120 ml) was stirred at room 
temperature and treated dropwise over 0.5h with a solution 
of phenyl isothiocyanate (13.5 g, 0.1 mol) in anhydrous 
xylene (30.0 ml). 	The mixture was stirred at room temper- 
ature for 2h then filtered to yield 1-(pyridin-2-yflmethvl-
3-phenyithiourea (7) as a pale yellow solid (22.0 g, 91%), 
m.p. 108 0 (lit., 53  113°), Vmax  3340 and 3160 (NH) cm- 1 
Imidazo[1 , 5-a]pyridine -- 3( 2 H) -thione (1). 
A mixture of 1-(pyridin-2-yl)methyl-3--phenyl-
thiourea (7) (4.4 g, 0.018 mol) in anhydrous xylene (50.0 
ml) was stirred and heated under ref lux for 2.5h. 	The 
mixture was cooled and left overnight in a refrigerator. 
The precipitated red-brown solid was collected to give 
imidazo[ 1 , 5-a]pyridine-3 ( 2 H) -thione (1) (2.0 g; 75%), 
m.p. 154° (lit., 53 161°), Vmax  3120-2500 (NH) and 1645 
(wHberA) cm, A 	(log E) (ethanol), 377 (3.39), 310 shmax 
(4.02), 300 (4.14), 240 infl. (3.96) 227 (4.11), and 201 
(4.04), 	(CDC1 3 ) 13.25 (1H, brs, NH), 8.23 (1H, dd, 
15,6 7.5Hz, J57 1.0Hz, H-5) 7.18 (1H, dd, J78 9.3Hz, 
j 6,8 1.2Hz,H-8), 7.04 (111, s, H-i), 6.84-6.46 (2H, In, 
H-6 and H-7) which was used without further purification. 
A solution of 2-(aminomethyl)pyridine (6) (43.2 g, 
0.4 mol) in anhydrous xylene (480 ml) was stirred and 
treated dropwise over 30 min at room temperature, with a 
solution of phenyl isothiocyanate (54.0 g, 0.4 mol) in 
anhydrous xylene (120 ml). 	The mixture was stirred at 
room temperature for 2h then heated under ref lux in an 
atmosphere of nitrogen for 3h. 	The cooled mixture was 
filtered to afford a dark brown solid which was combined 
with a second crop obtained by evaporating the xylene 
filtrate and triturating the resulting dark residue with 
diethyl. ether, to give imidazo[1 ,5-a] pyridine-3 (2H)-thione 
(1) (48.1 g; 	80%), m.p. 154° (lit., 53 161 ° ), identical 
(m.p. and i.r. spectra) to an authentic sample. 7° 
The diethyl ether mother liquor was evaporated to 
leave a viscous black oil which was treated with methanol 
and methylene chloride to yield a dark red solid (1.8 g), 
m.p. 1200,  whose t.l.c. in ethyl acetate over silica showed 
it to be a multicomponent mixture containing imidazo[1,5-a]-
pyridine-3(2H)-thione (1). 
The methanol-methylene chloride mother liquor on 
standing at room temperature deposited 1,34Uycfro±i - phtflyL- 
(0.34 g; 0.3%) which was purified by crystallisation to 
give large red needles, m.p. 222° (from glacial acetic acid), 
"max 3140-2500 (NH) and 1625f4J1tem1,  5[(CD 3 .) 2 SO] 8.60 
CLn 
(1H,brd, J, 6, 6.0Hz, H-6'),A7.9-7.15 (8H, m, ArH), 	- 
Found: C, 592.., H, 3.3 ; N, 14.8%; M, 285. 
C14 H 11 N 3 S2 requires: C, 5&; H, 3.91; N, i4T%; .M, 285. 
1-(Pyridin-2-yl)methyl-3-phenylurea (15a) 
A solution of 2-(aminomethyi)pyridine (6) (5.4 g, 
97 
0.05 mci) in anhydrous xylene (60.0 ml) was stirred at 
room temperature and treated dropwise over 30 min with a 
solution of phenyl isocyanate (6.0 g, 0.05 mol) in anhydrous 
xylene (15.0 ml). 	The mixture was stirred at room tempera- 
ture for 2h, then cooled to 0° (ice-bath) and filtered to 
afford 1-(pyridin-2-yi)methyl-3-phenylurea (iSa) as a 
colourless solid (10.8 g; 97%), which formed colourless 
needles, m.p. 141 0 (from ethanol-toluene) (lit., 71 130 0 ), 
max 3110 br. (NH) and 1640 (CO) cm- 1 , (CDC1 3 ) 8.45 (1H, 
d, J56 7.0Hz, H-6) , 8.00 (iH, 5, NH), 7.67 (1H, m, ArH) 
7.30-6.90 (7H, m, ArH) , 6.60 (in, t, 5.0Hz, NH) and 4.50 
(2H, .d, J 5.0Hz, CH 2 ). 
Found: C, 68.7; H, 5.9; N, 18.5%; M, 227. 
Calc. for C 13H 13N 30: C, 68.7; H, 5.7; N, 18.5%; M, 227. 
1-(P•yridin-2-yl)methyl-3-(toluene-4-sulphonyl)urea (15b). 
A solution of 2-(aminomethyl)pyridine (6) (1.1 g, 0.01 
mel) in anhydrous toluene (15.0 ml) was stirred at room 
temperature and treated dropwise over 30 min with a solution 
of .toluene-4-sulphonyl isocyanate (2.0.g, 0.01 mol) in 
anhydrous toluene (5.0 ml). 	The mixture was stirred at 
room temperature for 2h then filtered to give a gummy solid 
which was thoroughly washed with methanol and combined with 
a further crop obtained by concentrating the combined toluene 
-methanol mother liquors to give 1-(pyridin-2-yl)raethyl-3-
(toluene-4-sulphonyl)urea (lSb) (total 1.2 g; 39%), which 
formed colourless needles, m.p. 193° (fromdimethylformamide 
-water), Umax  3300 br (NH) and 1680 (CO) cm- 1 , 	[(CD 3 ) 2 Sol 
8.45 (1H, d, 156 7.OHz,ArH).,.7.85-7.10 (ER, m, ArH and NH), 
4.27 (2H, d,. J 8.0Hz, CH 2 ), and 2.35 (3H, s, Cr1 3 ). 
Found: C, 55.1; H, 4.9; N, 13.7%; M, 305. 
C 14 H15N 30 3S requires: C, 55.1; H, 5.0; N, 13.8%; M , 305. 
The -,  iethanol-toluene mother liquor was evaporated to 
leave a yellow gum (1.8 g) whose tl.c. in ethyl acetate 
over silica showed it to be a multicomponent mixture con-
taining the urea (15b). 	The gum was treated with 214 
aqueous sodium hydroxide solution (10.0 ml) and extracted 
with methylene chloride (3 x 10.0 ml) to give unreacted 
2-(aminomethyl)pyridine (6) (0.14 g), identical (i.r. spectrum) 
to an authentic sample. 
The Attempted Synthesis of Imidazo[ 1 ., 5-a]pyridin -3 ( 2 H) -one 
(16). 
A solution of 1-(pyridin-2-yl) 	\ methyl-3- 
phenylurea (iSa) (.2.3 g, 0.01 mol) in anhydrous xylene 
(50.0 ml) was stirred and heated under ref lux for 2.5h. 
The cooled mixture was filtered to give the unreacted urea 
(iSa) as a colourless solid (2.0 g; 88%), m.p. 136°, 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The xylene mother liquor was evaporated to leave a gum 
(0.36 g) which was triturated with ethyl acetate-diethyl 
ether and filtered to remove a negligible amount of solid. 
The ethyl acetate-methylene chloride filtrate was evaporated 
to leave a red gum (0.26 g), whose t.l.c. in ethyl acetate 
over silica showed it to be an unresolvable multicomponent 
mixture which was not further investigated. 
A solution of 1-(pyridin-2-yl)methyl-3-(toluene-
4-suiphonyl)urea (lSb) (0.7 g, 00023 mol) in anhydrous 
pop 
xylene (50.0 ml) was stirred and heated under ref lux for 
24h. 	The cooled solution was filtered to yield unreacted 
1 -(pyridin-2-yl)methyl-3-(toluene-4-sulphonyl)urea (15b) 
(0.53 g; 75%), m.p. 187°, identical (m.p. and i.r. spec-
trum) to an authentic sample prepared before. 
The xylene mother liquor was evaporated to give a red 
gum (0.2 g), whose t.I.c. in ethyl acetate over silica 
showed it to be a multicomponent mixture, which was not 
further investigated. 
(c) A solution of imidazo[ 1 , 5-a]pyridine-3 ( 2H) --thione 
(1) (0.3 g, 0.002 mol) in ethanol (30.0 ml) was treated 
with SM aqueous sodium hydroxide solution (5.0 ml) followed 
by 30% w/v aqueous hydrogen peroxide (2.5 ml) and the 
mixture was stirred at room temperature for lh then for 3h 
at 50°. 	The mixture was concentrated to remove the 
ethanol and the residual aqueous mother liquor was 
neutralised with concentrated hydrochloric acid and satur-
ated aqueous sodium hydrogen carbonate solution and 
extracted with methylene chloride (3 x 10.0 ml) to give 
only a negligible amount of a red gummy solid. 
The aqueous mother liquor was treated with a few 
drops of glacial acetic acid and extracted with methylene 
chloride (3 x 5.0 ml) to give picolinamide (17) (0.03 g; 
13%), which was purified by crystallisation, m.p. 103 0 
(from toluene) (lit., 72 106 ° ), identical (i.r. spectrum) 
to an authentic sample. 72 
Found: M, 122 
Calc. for C6 H6 N 2 0: M, 122 
The neutral aqueous mother liquor was evaporated and 
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the inorganic residue was extracted with boiling ethyl 
acetate to yield no organic material.. 
The Preparation of Aldehyde and Ketone Hydrazones 
Acetone phenyihydrazone (20b) 
A solution of phenylhydrazine hydrochloride (11.7 g, 
0.1 mol) in water (50.0 ml) was treated with anhydrous 
sodium acetate (12.0 g, 0.15 mol) followed by a solution 
of acetone (2.9 g, 0.05 mol) in water (25.0 ml) and the 
mixture was kept at 0° in a refrigerator for lBh. 	The 
resulting mixture was filtered to give a brown solid 
(9.2 g), m.p. 34°,,which was purified by high vacuum 
distillation to give acetone phenylhydrazone (20b) as a 
yellow, solid (7.4 g; 	99%) , m.p. 24° (lit. 	42 0 ). 
Eenzaldehyde phenylhydrazone (20h) 
A solution of phenyihydrazine (0.6 g, 0.005 mol), 
benzaldehyde (0.53 g, 0.005 mol) and toluene-4-sulphonic 
acid (0.005 g) in absolute ethanol (10.0 ml) was stirred 
and heated under ref lux for 0.5h. 	The mixture was cooled 
to 0° (ice-salt bath) and the crystalline solid was 
collected to afford a pale yellow solid which was combined 
with further material obtained by evaporating the ethanol 
mother liquor and triturating the residue with light 
petroleum to give benzaldehyde phenylhydrazone (20h) 
(total 0.84 g; 	92%), m.p. 152 0 (lit., 73  155' and 158°), 
which was used without further purification. 
' 	'LnCs"one phenylhydrazone (20e) 
A solution of phenylhydrazine (0.6 g, 0.005 mol) and 
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toluene-4-sulphonic acid (0.005 g) in 	butanone (20.0 ml) 
and absolute ethanol (10..0 ml) was stirred and heated under 
reflux for 30 mm. 	The mixture was concentrated and the 
residue was dissolved in methylene chloride and washed with 
water (5.0 ml). 	The methylene chloride extract was 
evaporated to leave a brown oil (0.56 •g) which was distilled 
under high vacuum: to give 1 bttanone phenyihydrazone 
(20e) as ayellow oil. b/p.. 1. 500/0.5 mmHg (lit., 73 190 0 /10 .cmug) 
(d) Acetone 4-nitrophenylhydrazone (20c) 
A solution of 4-nitrophenylhydrazine.(19c) (0.77 g, 
0.005 mol) and toluene-4-sulphonic acid (0.005 g) in acetone 
(10.0 ml) and absolute ethanol (10.0 ml) was stirred and 
heated under ref lux for 30 mm. 	The mixture was evaporated 
to yield acetone 4-nitrophenyihydrazone (20c) as a yellow-
brown solid (0.9 g; 93%), m.p. 146 0 (lit., 73  149 ° ), which 
was used without further purification. 
Reactions. of Imidazo[l ,S-a]pyridine-3  (2W -thione (1) with 
Aldehydes and Ketones and Phenylhydrazine in the Presence 
of Toluene-4-sulphonic Acid 
(a) A solution of imidazo[ 1 , 5-a]pyridine -3 ( 2H) -thione 
(1) (3.0 g, 0.02 mol), phenyl hydrazine (4.3 g, 0.04 mol) 
and toluene-4-sulphonic acid (0.02 g) in acetone (40.0 mol) 
and absolute ethanol (60.0 ml) was stirred and heated under 
reflux for 25 min then evaporated to leave a viscous oil. 
The oil was triturated with diethyl ether to yield a pink 
solid which was combined with a.second crop obtained by 
evaporating the diethyl ether mother liquor and retriturating 
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the residue with ether to give 5,5-dimethyl-1-(N-phenyl--
amino)-4-(pyridin-2-yl)imidazolidine2thione (21b) (4.6 g; 
76%) which formed colourless needles, m.p. 2200 (from 
glacial acetic acid-toluene), Vmax 3180 (NH) and 1600 cm- 1 
6 	(CDC1 3 ) 8.62 (1H,brd, J5•61 
3•4 . 	.; . 	£z, H-6') 
7.77 (1H, td, J1 ,l 7.7 and J Al 	1.7Hz, H-4'), 7.46 (1H, 
, 	 I 
d,J3141 7.9Hz, H-i'), 7.33-7.20 (3H, m, H-S' and ArH), 
6.93 (3H, in, ArH), 6.77 (1H, brs, NH) ,6.21 (1H, s, NC, 
4.88 (1H, brs, H L1-) , 1.56 (3M, s, CH 3 ) and 0.83 (3H, s, CH 3 ). 
{CDC]z 3 ) 184.5 (quat., C=S), 149.2 (quat.), 149.1 (ArCH), 
136.8 (ArCH), 128.5 (2xArCH) , 123.0 (CH), 121.3 (ArCH), 
118.6 (ArCH), 112.5 (2xArCH) , 68.2 (quat.), 67.2 (CH-4) 
and 25.0 (CH 3 ). 
Found: 	C, 64.7; H, 6.1; N, 18.5%; N 4 , 298. 
C 16 H 18N4 3 requires: C, 64.4; H, 6.0; N, 18.8%; N , 298. 
The ether mother liquor on standing precipitated 
unreacted imidazo[1,5-a]pyridine-3(2H)-thione  (1) as an 
orange solid (0.2 g), m.p. 151 ° , which was identified by 
comparison (i.r. spectrum) with an authentic sample. 
Evaporation of the ether mother liquor afforded a 
green gum (3.0 g) whose t.1.c. in diethyl ether over silica 
showed it to be a close-running multicomponent mixture 
which was not further investigated. 
(b) A solution of irnidazo[ 1 , 5-a]pyridine -3 ( 2H) -thione 
(1) (0.3 g,0.002 mol), phenylhydrazine (0.43 g, 0.004 mel), 
toluene-4-sulphonic acid (0.005 g) and the corresponding 
ketone or aldehyde (0.004 mel) in absolute ethanol (10.0 
ml) was stirred and heated under reflux in an atmosphere of 
nitrogen for the specified length of time then worked up 
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as described for the individual reactions beL.ocu. 
The mixture from 	bt&kcone was heated under 
ref lux for 40 min then evaporated and the residue washed 
with methylene chloride to give a yellow solid which was 
combined with further material obtained by evaporating the 
methylene chloride mother liquor and triturating the oily 
residue with diethyl ether-light petroleum to give un-
reacted imidazo[1 , 5-a]pyridine-3 ( 2H) -thione (1) (45%), 
m.p. 156 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample prepared before. 
The ether-light, petroleum mother liquor was evaporated 
to leave a dark gum (1.3 g) whose t.l.c. in ethyl acetate 
over silica showed it to be a mixture of imidazo[1,5-a]-
pyridine-3(2H)-thione (1) and phenylhydrazine which was not 
further investigated. 
The mixture from cyclohexanone was heated under 
ref lux for ITh then filtered and the solid combined with 
further material obtained by evaporating the ethanol mother 
liquor and triturating the residue with methylene chloride-
diethyl ether to give 1-(N-phenylarnino)-4-(pyridin-2-yl)-
3H-1 , 3-diazaspiro[4,5]decane - 2 -thione (21g) (total 87%) 
which formed colourless needles, m.p. 214 0 (from ethanol-
toluene), Umax  3300 and 3200 br (NH) and 1595 cm 1 , 
5[(CD 3 ) 2 SO] 9.18 (1H,6rs, NH), 8.64 (1H,kxd, J51,61 4.2Hz, 




7.43 (2H, m, ArH) , 7.10 (2H, t, J7.6Hz, ArH) , 6.83 (2H, 
d, J7.7Hz, ArH), 6.68 (1H, t, J7.2Hz, ArH), 4.76 (111, 5, 
11-4 ), and.1.71-0.98 (1011, m, CH2). 
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Found: 	C, 67.7; 11, 6.6; N, 16.5%; !4, 338. 
C 19 11 22N4 S requires: C, 67.8; H, 6.5; N, 16.6%; M , 338. 
- The methylene chloride-ether mother liquor was evaporated 
to leave a gum (0.15 g), whose t.l.c. in ethyl acetate over 
silica showed it to be an unresolvable multicomponent mixture 
which was not further investigated. 
(iii) The mixture from cyclopentanone was heated under 
ref lux for 22h then evaporated and the residue washed with 
light petroleum to leave a gummy solid which was triturated 
with methylene chloride to afford 1-(N--phenylamino)-4-
(pyridin-2-yl)-3H-1 ,3-diazaspiro[4,5]nonane-2-thione (21f) 
as a grey solid (17%) which formed colourless needles of a 
conformational isomer mixture m.p. 220° (from toluene) 
'max 3300 and 3170 br (NH), and 1595 cm 1 , S[(CD 3 ) 2 SO] 
(conformer A) 9.23 (1H,6ts, NH), 8.65 (1H,6rd, J4.7Hz ; 11-6'), 
8.04-7.86 (2H, m, ArH) , 7.54-6.66 (711, in, NH and ArH) 
4.61 (111, s, H-4), 1.80-1.65 (411, in, CH2 ) and 1.53-1.35 (411, 
M, CH 2 ); 	(conformer B) 9.05 (111, brs, NH), 8.58 (111, brd, 
J4.711z, H-6') , 8.04-7.86 (211, m, ArH) , 7.54-6.66 (711, in, NH 
and ArH) , 5.05 (111, s, H-4) , 2 -.05-1.85'(4H, •m, CH 2 ) , and 
1.53-1.35 ( -4H, m, CH 2 ). 
Found: 	C, 67.0; H, 6.2; N, 16.3%; M, 324. 
C 18 H20N4 S requires: C, 66.7; H, 6.2; N, 17.3%; N , 324. 
The methylene chloride and light petroleum mother 
liquors were combined and evaporated and the residue was 
treated with 2M aqueous hydrochloric acid and extracted with 
methylene chloride (2 x 10.0 ml) to give a gum which was 
triturated with methylene-chloride-diethyl ether to give a 
solid (0.12 g), m.p. 143 0 , whose t.l.c. in ethyl acetate 
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over silica showed it to be an unresolvable multicomponent 
mixture which was not further investigated. 
The methylene chloride-ether mother liquor was 
evaporated to leave a negligible amount of gum. 
The mixture from acetophenone was heated under 
ref lux for 24h then cooled, and filtered to give aceto-
phenone phenylhydrozcne (20b) as a pale brown solid (28%) 
m.p. 104 0 (lit., 73 1060). 
The ethanol mother liquor was evaporated to leave a 
gum which was triturated with diethyl ether to give un-
reacted imidazo[1,5-ajpyridine-3(2}j)-thione (1) (0.13 g), 
m.p. 144°, identical (i.r. spectrum) to an authentic 
sample prepared before. 
The ether mother liquor was worked up to yield further 
crops of solid (total 0.59 g) whose t.l.c. in ethyl acetate 
over silica showed them to be unresolvable multicomponent 
mixtures which were not further investigated. 
The mixture from''benzaldehyde was heated under 
reflux for 24h, then evaporated to leave a red solid (2.3 
g) which was flash-chromatographed over silica. 
Elution with methylene chloride gave benzaldehyde 
phenylhydrazone (20h) as 'a colourless solid (84%), m.p. 
152° (lit., 73 155 and 158 ° ). 
Elution with ethyl acetate gave a red oil (0.3 g) 
whose t.l..c. in ethyl acetate over silica showed it to be 
an unresolvable multicomponent mixture containing unreacted 
imidazo[1,5 -a]pyridine-3(2H)_thione (1), and was not further 
investigated. 
Further elution with ethyl acetate gave'unreacted 
imidazo[1',5-ajpyridine-3(2H)_thione (1) as a red solid (75%), 
m.p.145°, identical (i.r. spectrum) to an authentic sample 
prepared before. 
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Reactions of Imidazo[1,5-a]pyridine-3(2H)-thione (1) with 
Hydrazines and Acetone in the Presence of Toluene-4-
suiphonic Acid 
A solution of imidazo[:1,5-a]pyridine-3(2H)-thione  (1) 
(0.3 g, 0.002 mol) and toluene-4-sulphonic acid (0.005 g) 
and the corresponding hydrazine (0.004 mol) in acetone 
(10.0 ml) and absolute ethanol (10.0 ml). was heated under 
ref lux in an atmosphere of nitrogen for the specified 
length of time then worked up as described for the 
individual reactions below. 
The mixture from 1,1-dimethylhydrazine was heated 
under ref lux for 29h then cooled to afford 2,2-di(imidazo-
[1 , 5-a]pyridine-3( 2 H) -thion-- 1 --yl)propane (32) as a yellow 
solid (18%), m.p. 215°, which was identical (m.p. and i.r. 
spectrum) to a sample prepared later. 
The acetone-ethanol mother liquor was evaporated to 
leave a brown gum (0.26 g) whose t..l.c. in methylene 
chloride over silica showed it to be an unresolvable 
multicomponent mixture which was not further investigated. 
The mixture from 1,1-diphenylhydraz.ne was heated 
under ref lux for 24h then filtered and the solid combined 
with material obtained by evaporating the acetone-ethanol 
mother liquor, washing the residue with diethyl ether 
dissolving the resulting solid in 2M aqueous sodium hydr-
oxide solution, filtering to remove some insoluble solid, 
and acidifying the alkaline filtrate with 214 aqueous 
hydrochloric acid to.give 2,2 -di--(imidazo[1,5 -a]pyridine-
3(2H)-thion-1-yl)propane (32) (total 65%), m.p. 210°, 
identical (m.p..and i.r. spectrum) to a sample prepared 
later. 	 . 
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The mixture from methyihydrazirie was heated under 
ref lux for 30h then evaporated to leave a red gum which was 
flash-chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:6) 
gave unreacted .imidazo[ 1 , 5-a]pyridine-3 ( 2 H) -thione (1) as 
an orange solid (92%) m.p. 145°, identical (4..r. spectrum) 
to an authentic sample prepared before. 
Elution with ethylacetate through to ammonia-methanol 
gave no further organic material. 
The mixture from toluene-4-sulphonylhydrazine 
was heated under ref lux for 17h then filtered to afford 
2,2-di-(imidazo[1 ,5-a]pyridine-3(2H)-thion-1--yl)propane 
(32) in a yellow solid (54%), m.p. 215°, identical (m.p. 
and i.r. spectrum). to an authentic sample prepared later. 
The acetone-ethanol mother liquor was evaporated to 
leave a green gum which was flash-chromatographed over 
silica. 
Elution with ethyl acetate gave, acetone toluene-4-
sulphony1hydrazone (20d) as a yellow solid (42%), m.p. 
159° (lit., 74 1600). 
Elution with ethanol gave a red-orange solid whose 
t.l.c. in ethyl. acetate over silica showed it to be a 
close-running mixture of unreacted imidazo[1,5-ajpyridine-
3(2H)-thione (1) and acetone toluene-4-sulphonylhydrazone 
(20d) which was not further investigated. 
The mixture from 4-nitrophenylhydrazine 
was heated under ref lux for 20 min then evaporated to give 
a green-brown solid which was washed with diethyl-ether to 
leave acetone 4-nitrophenylhydrazone (20c) as a yellow 
solid (37%), m.p. 148° (lit., 67  1430). 
The ether mother liquor was evaporated and the solid 
residue was washed with toluene to leave adark brown solid 
whose t.l.c. in diethyl ether over silica showedit to be 
a mixture containing acetone 4-nitrophenylhydrazone (20c) 
and unreacted imidazo[1 , 5-a]pyridine -3  (2H) -thione (1). 
The toluene mother liquor was evaporated to leave a 
solid which was washed with light petroleum to give a 
yellow solid whose t.l.c. in ether over .silica showed it to 
be a mixture containing acetone 4-nitrophenylhydrazone 
(20c) and the unreacted imidazopyridinethione ( I ). 
/ 
Reactions of Irnidazo[ 1 , 5-a]pyridine-3 ( 2 H) -thione (1) with 
Hydrazones in the Presence of Toluene-4-sulphonic Acid 
(a) A solution of ixnidazo[ 1 , 5-a]pyridine-3 ( 2H) -thione 
(1) (0.3 g, 0.002 mol), toluene-4-sulphonic acid (0.005 g) 
and the corresponding hydrazone (0.002 mol) in absolute 
ethanol (10.0 ml) was stirred and •heated under reflux in 
an atmosphere of nitrogen for the specified time then 
worked up as described for the individual reactions below. 
(i) The mixture from acetone phenylhydrazone (20b) was 
heated under ref lux for 1.5h then cooled and filtered and 
the solid combined with further material obtained by 
evaporating the ethanol mother liquor and triturating the 
dark red oil obtained with toluène then with ethanol, to 
give 5,5-dimethyl-1-(N-phenylamino)-4-(pyridin-2--'l)-
imidazolidine-2-thione (21b) (total 53%), m.p. 212 0 , 
identical (m.p. and i.r. spectrum) to a sample prepared 
before. 
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Evaporation of the combined toluene and ethanol mother 
liquors gave a gum (0.4 g) whose t.l.c. in ethyl acetate 
over silica showed it to be a close-running multicomponent 
mixture which was not further investigated. 
The mixture from.: 	buLanone phenyihydrazone 
(20c) solution was heated under ref lux for 1.5h then 
evaporated to leave a dark green oil whose t.l.c. in ethyl 
acetate over both silica and alumina showed it to be,a 
mixture of the unreacted starting-material which was not 
further investigated. 
The mixture from benzaldehyde phenylhydrazone 
(20h) was heated under ref lux for 1.5h then cooled and 
filtered and the solid combined with a second cropobtained 
by concentrating the ethanol filtrate to give unreacted 
benzaldehyde phenylhydrazone (58%), m.p. 1550  (lit ., 73 
155° and 158°), identical (m..p. and i.r. spectrum) to an 
authentic sample. 	The ethenol mother liquor was further 
concentrated to give a green solid whose t.1.c. in diethyl 
ether over silica showed it to be a mixture containing the 
unreacted starting-materials. 
The mixture from acetone 4-nitrophenylh'drazone 
(20c) was heated under ref lux for 17h, then filtered hot 
to yield a solid which was washed with diethyL ether-light 
petroleum and combined, with further material obtained by 
evaporating the ethanol mother liquor and ether-light 
petroleum filtrate and retriturating the residue with ether 
to give 5,5-dimeth,y1-1-(4-nitrophenylamino)-4-(pyridin-2-yl)-
imidazolidqlne-2.--thione (21c) as a yellow solid (44%) which 
formed yellow crystals, m.,p. 237° (from dimethylformarnide- 
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ethanol-water), 'umax 3190 br (NH), 1640(MHbt4-  155 and 
1535 (NO 2 ) cm 1 , 5[(CD 3 ) 2 SO] (conformer A), 9.44 (111, br3, 
NH), 8.70 (1H, brd, J516 , 4.4Hz, H-6'), 8.06 (2U, dd, 
J9.2 and J7.3Hz, ArH) ,. 7.88 (1H, in, Art!), 7.50-7.35 (3H, 
in, ArH)., 7.01 (it!, d, J9.2Hz, ArH) , 684 (1H, d, J9.2Hz, 
ArH) , 4.66 (1H, S, H-4)., 1.40 (31!, s, Cl!3) , and 0.66 (3H, 
5, Cl!3 ); 	(conformer 3) 9.27 (it!, brs, NH), 8.59 (.111, brd., 
5 1 ,6 1 
 4.4Hz, 11-6'), 8.06 (2H, dd, J9.2, and J7.3Hz, Art!), 
7.88 (111, in, ArH) , 7.50-7.35 (3H, m, ArH) , 7.01 (11!, d, 
J9.2Hz, ArH), 6.89 (1H, d, J9.2Hz, Art!), 5.00 (11!, s, H-4), 
1.43 (3H, s, Ct! 3 ), and 0.63 (311, s, CH 3 ) , 	[(CD 3 ) 2 so] 
(1400) 8.91 (in, brs, NH) , 8.69 (it!, brs, NH), 8.64 (11!, brd, 
5.0Hz, H.-6), 8.03 (2H, d, J9.2Hz, ArH), 7.88 (2H, 
- 	 ,7.46 (in, d, J7.7Hz, ArE, 
7.36 (it!, dd, J7.6 and J4.7Hz, ArH), 6.99 (it!, d, J9.2Hz, 
Art!), 4.85 (1H, brs, H-4) , 1.45 (3H, 5, Ct! 3 ), and 0.70 
(311, s, CH 3 ). 
Found: 	C, 56.3; H, 5.0; N, 20.4%; frI', 343. 
C 16 H 1 N5 0 2S requires: C, 56.0; H, 5.0; N, 20.4%; M , 343 
The ether mother liquor was evaporated to leave a gUn 
whose L.l.c. in ethyl acetate over silica showed it to be 
an unresolvable mixture containing the unreacted starting-
materials. 
(b) A solution of 1,1-dimethylhydrazine (0.24 g, 0.004 
mol) and toluene-4-sulphonic acid (0.005 g). in acetone 
(10.0 ml) and absolute-ethanol (20.0 ml) was stirred and 
heated under ref lux for ih. 	Imidazo[ 1 , 5-a]pyridine- 
3(2H)-thione (i) (0.3 g, 0.002 mol) was then added and the 
mixture was heated under ref lux for 7h. 	 - 
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The mixture was filtered to afford a yellow solid which was 
combined with a second crop obtained by evaporating the 
acetone-ethanol mother liquor and triturating the residue 
with ethyl acetate-methylene chloride to give 2,2-di- 
(imidazo[1 , 5-a]pyridine -3 .( 2 H) -thion. -- 1 -yl)propane (32) 
(67%), m.p. 210°, identical (m.p. and i.r. spectrum) to an 
authentic sample prepared later. 
The Attempted Methylation of 5,5-Dimethyl-1-(N-phenylamino)-
4- (pyridin-2-yl) imidazo1idgne-2-thione (21b) 
A• solution of S ,S-dimethyl-1- (N-phenylamino) -4-
(pyridin-2-yl)imidazolidine-2-thione (21b) (0.3 g, 0.001 
mol) in methanol (25.0 ml) was treated with methyl iodide 
(0.14 g, 0.001 mol) and the mixture was stirred at room 
temperature for 16h. 	Filtration gave a colourless solid 
which was combined with a second crop obtained by evaporating 
the methanol mother liquor and triturating the gum obtained 
with methanol to give unreacted 5,5-dimethyl-1-(N-
phenylamino) -4-(pyridin-2-yl)imidazolidine-2-thione (21b) 
(0.2 g; 60%), m.p. 207°,. identical (m.p. and i.r. spectrum) 
to a sample prepared before. 
1-(-Acetyl-N-phenylamino)-5, 5-dimethyl-4-(pyridin-2-yl) - 
imidazolidine-2-thione (24a) 
A suspension of 5, 5-dimethyl-1- (N-phenylamino)-4--
(pyridin-2-yl)imidazolidine-2-thione (21b) (0.3 g, 0.001 
mol) in acetic anhydride (45 ml) was warmed at 100 0 (steam 
bath) until the suspended solid dissolved and the solution 
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• was left at room temperature for 18h. 	The solution was 
cooled in ice and dilutedAwater  to give a solid which was 
combined with further material obtained by extracting the 
aqueous mother liquor with methylene chloride and f lash-
chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:10) 
gave the unreacted imidazolidinethione (21b) as a colourless 
solid (0.02 g, 7%), m.p. 205°, identical (m.p. and i.r. 
spectrum) to an authentic sample. 
Elution with ethyl acetate gave the monoacetyl 
rivative (24a) as a colourless solid (0,1 g; 32%) which 
formed colourless microcrystals, m.p. 221° (from toluene), 
umax 3200-2600 (NH) and 1690 (CO) cm- 1, 5[(CD3)2S0], 
(conformer A) 9.51 (1ff, brs, Nil), 8.59 (1H, M, 	- 	, H-6'), 
7.93-7.14 (3H, in -, 	ArH), 4.67 (1ff, 5, 11-4), 2.17 (3ff, 
5, COMe), 1.06 (3H, 5, Me), and 0.94 (311, s, Me), 
(conformer B) 9.50 (1H, brs, NH), 8.54 (111, yfl, H-6'), 
7.93-7.14 (9ff, m, 	• 	- ArH), 4.62 (1H, s, H-4), 2.29 (3H, 
s, COMe), 0.85 (3H, s, Me), and 0.76 (3H, s, Me). 
Found:M;340.1369 
C 18H20N4 0S requires:frj ;340.1358 	 - 
Elution with ethyl acetate through to methanol gave no 
further material. 
The Attempted Reaction of 5,5-Dimethyl-1--(N-phenylamino)-4-
(pyridin-2-yl) imidazoiidine-2-thione (21b) with Phenyl 
Isocyanate 
A solution of 5.5-dimethyl-1-(N-phenylamino)-4- 
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(pyridin-2-yl)imidazolidine-2-thione (21b) (0.3 g, 0.001 
mci) in anhydrous dimethylformarnide (3.0 ml) was treated 
with a solution of phenyl isocyanate (0.12 g, 0.001 mci) 
in anhydrous dimethylformamide (2.0 ml) and the mixture 
was stirred at room temperature for 24h. 	The mixture was 
evaporated and the resulting yellow solid was washed with 
diethyl ether and crystallised to afford the unreacted 
imidazolidinethiorie derivative (21b) (0.23 g,,77%), m.p. 
201° (from glacial acetic acid-toluene), identical (m.p. 
and i.r. spectrum) to an authentic sample. 
Evaporation of the glacial acetic acid toluene mother 
liquor gave only a negligible amount of solid. 
The attempted Hydrolysis of 5, 5-Dirnethyl-1- (N-phenylamino) - 
4- (pvridin-2-yl) imidazolidine-2-thione (21b) 
A solution of 5,5-dimethyl-1--(N--phenylamino)-4-
(pyridin-2-yl)imidazolidine-2-thione (21b) (0.3 g, 0.001 
mci) in ethanol (10.0 ml) was treated with 20% w/v aqueous 
potassium hydroxide solution (2.5 ml) and the mixture was 
stirred and heated under ref lux for lh. 	The mixture was 
evaporated and the solid residue was treated --- with water 
(2.5 ml) and the solid collected to give the unreacted 
imidazolidinethione (21b) as a colourless solid (0.29 g; 
97%), m.p. 216°, identical (m.p. and i.r. spectrum) to an 
authentic sample prepared before. 
A solution of 5,5-dimethyl-1-(N-phenylamino)-4--
(pyridin-2-yl)imidazolidine-2-thione (21b) (0.3 g, 0.001 
mol) in glacial acetic acid (5.0 ml) was treated with 20% w/v 
aqueous sulphuric acid (2.5 ml) and the mixture was heated 
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under ref lux for ih. 	The mixture was concentrated and 
the residue was treated with water then extracted with 
methylene chloride (2 x 10.0 ml) to give a green gum which 
was triturated with diethylether to yield the unreacted 
imidazolidinethione (21b) (0.19 g; 63%), m.p. 21.3°, 
identical (m.p. and i.r. spectrum). to an authentic sample 
prepared before. 
The acidic aqueous mother liquor was neutralised with 
solid sodium hydrogen carbonate and extracted with methy-
lene chloride (2 x 10.0 ml) to give a yellow gummy solid 
(0.04 g) , whose t.l.c. in ethyl acetate over silica showed 
it to be an unresolvable multicomponent mixture which was 
not further investigated. 
The Attempted. Oxidation of 5,5-Dimethyl-1-(N-phenylamino)-
4-(pyridin-2-yl)imidazolidine-2-thione (21b) 
A solution of 5,5-dimethyl-1-(N-phenylamino)-4-
(pyridin-2-yl)imidazolidine-2-thione (21b) (0.6 g, 0.002 mol) 
in 70% v/v aqueous acetic acid (10.0 ml) was carefully 
treated in portions with chromium trioxide (0.6 g) and the 
mixture was heated -at - 100' (water bath) for 30 mm. 	The 
mixture was evaporated and the residue was treated with 
water, and the resulting suspension filtered to give an 
intractable brown solid (0.55 g), m.p. >350°, which left a 
residue on burning and was not further investigated. 
A solution of 5,5-dimethyl-1-(N-phenylamino)-4-
(pyridin-2-yl)imidazolidmne-2-thione (21b) (0.3 g, 0.001 
mol) in anhydrous dimethylformamide (10.0 ml) was treated 
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with activated manganese dioxide (2.0 g) and the mixture 
was vigorously stirred at room temperature for 3h. 	The 
mixture was filtered and the filtrate was evaporated to 
leave a red-yellow gum which was triturated with ethanol to 
give the unreacted imidazolidinethione (21b) as a coloutless 
solid (0.06 g; 	18%), .m.p. 215°, identical (m.p. and i.r. 
spectrum) to an authentic sample. 
The ethanol mother liquor was evaporated and the residue 
was triturated with diethyl ether to give a brown solid (0.03 
g), m.p. 170°, whose t.l.c. in ethanol over silica showed 
it to be an unresolvable multicomponent mixture which was 
not further investigated. 
The diethyl ether mother liquor was evaporated to leave 
a red gummy solid (0.22 g), whose t.l.q. in ethanol over 
silica showed it to be an unresolvable multicomponent 
mixture which was not further investigated. 
5, 5-Dimethyl-1- (N-phenylamino) -4- (pyridin-2-yl) imidazolidine-
2-one (28) 
A solution of 5,5-dimethyl--1-(N-phenylamino)-4-(pyridin-
2-yl)imidazolidin-2-thione (21 -b) (0.6 g, 0.002mol) in 
ethanol (40.0 ml) was treated with SM aqueous sodium 
hydroxide solution (5.0 ml) followed by 30% v/v aqueous 
hydrogen peroxide solution (2.5 ml) and the mixture was 
stirred at room temperature for lh, then at 50 0 for 3h. 
The mixture was filtered and the solid was washed with 
water (10.0 ml) and combined with further material obtained 
by concentrating the basic aqueous ethanol mother liquor 
at <50° to give 5,5-dimethyl-1-(N-phenylamino)-4-(pyridin- 
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2-yl)imidazolidin-2-one (28) as a colourless solid (0.27 g; 
56%) which formed colourless crystals, m.p. 240° (from 
glacial acetic acid-ethanol), Umax 3. 280 and 3210 br (NH) 
and 1710 (CO) cm1, •H  [(CD 3 ) 2 SO] 8.59 (1H, d, J 5161 4.OHz, 
H-6'), 7.88 (1H, td,57.5 and3 '1.5Hz, H-Q1), 7.59 (1H, 5, NH), 
3,l! 
7.47 (1H, dJ'7.8Hz, H-S), 7.35 (1H, r1 1  Ar11). 
Yq 
7.30 (1H, brs, NH), 7.08 (2H, brt, ArH), 
6.88 (2H, brs, AnT), 6.67 (1H, t, J7.3Hz, ArH), 4.68 (iN, 
brs, H-4) , 1.39 (311, s, CH 3 ) , and 0.62 (3H, 5, CH 3 ) 
[(CD 3 ) 2 SO] 160.2 (C=O) , 150.2 (quat.) , 148.9 (ArCH), 
136.6. (ArCH), 128.5 (2xArCH), 122.7 (ArCH), 121.0 (ArCH), 
118.1 (ArCH), 121.1 (2xArCH) , 63..;7 •(CH-4) ,63.1 (quat.) 
and 25.2 (2xCH 3 ). 
Found: C, 68.4; H, 6.5; N, 19.8%; N 4 , 282. 
C 16 H 18N4 0 requires: C., 68.1; H, 6.4; N, 19.8%; N , 282. 
The basic aqueous mother liquor was neutralised with 
concentrated hydrochloric acid and solid sodium hydrogen 
carbonate and extracted with methylene chloride (3x10.0 ml) 
to give a brown gum (0.09 g), whose tLc. in ethyl acetate 
over silica showed it to be an unresolvable multicomponent 
mixture which was not further-investigated. 	......- 
The Attempted Reaction of Imidazo[ 1 , 5-a]2yridine-3 ( 2H) -
thione (1) with Acetone Oxime in the Presence of Toluene-
4-sulphonic Acid 
A solution of 'imidazo[1 , 5-a]pyridine -3 ( 2 H) -thione (1) 
(0.75 g, 0.005 mol), acetone oxime (0.37 g, 0.005 mol) and 
toluene-4-sulphonic acid (0.005 g) in ethanol (15.0 ml) was 
117 
stirred and heated under ref lux for 4h. 	The mixture was 
treated with light petroleum to precipitate a negligible 
amount of solid. 	The mixture was evaporated to give a 
brown solid (0.83 g), m.p. 135 0 , which was washed with 
boiling toluene to leave undissolved imidazo[ 1 , 5-a]pyridine -
3(2H)-thione (1)as a brown solid (0.37 g; 49%), m.p. 148°, 
identical (m.p. and.i.r. spectrum) to an authentic sample. 
The toluene mother liquor was evaporated to leave an 
orange-brown solid (0.33 g), m.p. 110 0 , whose t.l.c. in 
ethyl acetate over silica showed it to be a multicomponent 
mixture containing the unreacted imidazopyridinethione (1 ). 
The Reaction of Imidazo[ 1,5-4]pyridine -3 ( 2 H) -thione (1) 
with Phenylisocyanate in Xylene under Ref lux 
A solution of imidazo[ 1 , 5- a]pyridine -3 ( 2 H) - thione (1) 
(1.5 g, 0.01 mol) and phenylisocyanate (1.2 g, 0.01 mol) 
in anhydrous xylene (100 ml) was stirred and heated under 
ref lux for 24h. 	The mixture was cooled and filtered to 
afford a solid which was combined with a second crop 
obtained by evaporating the xylene filtrate, washing the 
residual solid with toluene followed by 2N aqueous sodium -
hydroxide solution to leave 1 ,3-diphenylurea (0. 1 7 g) 
identical (i.r. spectrum). to an authentic sample, and 
acidifying the alkaline extract with concentrated hydro-
chloric acid to give 1-(N-phenylcarbamoyl)imidazo[1,5-aJ- 
pyridine-3(2H)--thione (40a) (total 1,1 g; 43%) which formed 
yellow crystals, m.p. 230° (from dimethylformamide-water), 
Umax 3120 br (NH) and 1650 (CO) cm- 	Amax (log &) (ethanol) 
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408 	(4.00), 332 (4.08), 293 (4.26), 245 (4.21), and 206 
(4.43) , 	6 [ (CD 3 ) 2 S0] 13.77 (1H, brs, NH) , 9.72 (1ff, 5, NH) 
8.33 (1H,6rd: $ 15 6 7.1Hz, H-S) 1 8.04 (1H,b .d:, J78 9.3Hz, H-8), 
7.69 (2H,}3rd, J7.7Hz, ArH) , 7.40-7.21 (3H, m, ArH) , 7.09 
(1ff, ddd, J7 89.2? J6 7 6.5 ? and J5 7 1.OHz, H-7), and 6.93 
F 	 F 	 I 
(1ff, dad, J567.5.. 16,7 6.7  and J 6,8  1.2HZ,  H-6). 
Found: 	C, 62.4; H, 4.1; N, 15.6%; M, 269. 
C 14 H 11 N30S requires: C, 62.4; H, 4.1; N, 15.6%; M , 269. 
The toluene mother liquor was evaporated and the 
residue was triturated with light petroleum to afford 
2-- (N-phenylcarbamoyl) imidazo[1 , 5-a]pyridine -3 (2W -thione 
(39a) as a green-yellow solid(0.51 g; 19%) which formed 
yellow needles, m.p. 154° (from glacial acetic acid-ethanol 
Umax 3170 (NH), 1740 (CO), and 1650(WH&rA3cmh 
(log e) (ethanol) 424 inf. (3.38), 402 (3.59) , 326 inf. 
(3.53), 311 sh (3.90), 298 inf. (4.00), 274 (4.15), 235 inf. 
(4.08), 227 (4.34), and 305 (4.45), 	6[(CD3 ) 2 SO] 8.65 (1H, 
brs, NH) , 8.07 (1H, dm, J56 7.2Hz, H-5) , and 7.53-6.47 (9ff, 
m, ArH). 
Found: C, 62.7; H, 4.0; N, 15.5%; M, 269. 
C 14 H 11 N 30S require: C, 62.4; H, 4.1; N, 15.6%; M / 269. 	-- 
The HydrolysiS of 2-(N-Phenylcarbamoyl)imidazo[1,5-a]--
pyridine-3 (2H)-thione (39a) 
2- (N-Phenylcarbamoyl) imidazo [1 ,5-a] pyridine-3 (2H) - 
thione (39a) (0.54 g, 0.002 mol) was treated with 2M 
aqueous sodium hydroxide solution (10.0 ml) and the solu-
tion was heated at 100 1 (water bath) for 0.5h. 	The 
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mixture was filtered to afford diphenylurea as a mustard 
coloured solid (0.02 g), identical (i.r. spectrum) to an 
authentic sample. 
• 	The basic aqueous mother liquor was neutralised with 
concentrated hydrochloric acid and glacial acetic acid and 
extracted with methylene chloride (4x10.0 ml) to give 
imidazo[ 1 , 5-a]pyridine -3( 2 H) -thione (1) as a green solid 
(0.19 g; 64%), m.p. 1450,  identical (m.p. and i.r. spectrum) 
to an authentic sample prepared before. 
The Attempted Hydrolysis of 1-(N-Phenylcarbamoyl)imidazo--
(1 ,5-ajpyridine-3(2H)-thione (40a) 
1-(N-Phenylcarbamoyl)imidazo[1 , 5-a]pyridine-3 ( 2 H) -
thione (40a) (0.35 g, 0.0013 mol) was dissolved in 20% w/v 
aqueous sodium hydroxide solution (10.0 ml) and the solution 
was heated under reflux for 3h. 	The mixture was hot 
filtered and the yellow solid was treated with 2M aqueous 
hydrochloric acid to leave insoluble unreacted 1-(N-
phenylcarhamoyl) imidazo[1 , 5-alpyridine -3  (2H) -thione (40a) 
(0.27 g; 74%), m.p. 235°, identical (m.p. and i.r. spectrum) 
to an authentic sample - prepared before. 
The basic aqueous mother liquor was acidified with 
concentrated hydrochloric acid and extracted with ethyl 
acetate (6x20.0 ml) to give only a negligible amount of 
gummy solid. 
A solution of 1-(N-phenylcarbamoyl)imidazo[1,5-a]-
pyridine-3(2H)-thione (40a) (0.54 g, 0.002 mol) in glacial 
acetic acid (20.0 ml) and 20% .w/v aqueous sulphuric acid 
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(5.0 ml) was heated at 100° (water bath) for 3h. 	The 
mixture was filtered hot and the solid was combined with a 
second crop obtained by concentrating the acidic aqueous 
mother liquor to one half of its original volume and then 
diluting with water (5.0 ml) to afford unreacted 1-(N-
phenylcarbamoyl) imidazo[1 ,5-a]pyridine-3  (2H) -thione (40a) 
as a brown-green solid (total 0.44 g, 81%), m.p. 230°, 
identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
The acidic aqueous mother liquor was extracted with 
ethyl acetate (3x30.0 ml) to leave a gummy solid (0.04 g), 
whose t.l.c. in methylene chloride-toluene (1:1) over silica 
showed it to be an unresolvable multicomponent mixture, 
which was not further investigated. 
2- (N-Phenylcarbamoyl) imidazo (1 ,5-aJ pyridine-3 (211) -thione 
''0- 
LI -d LI.'  
A solution of imidazo[ 1 , 5-a]pyridine-3 ( 2 H) - thione (1) 
(1.5 g, 0.01 mol) in anhydrous 1,2-dimethoxyethane (40.0 ml) 
was treated with phenyl isocyanate (1.2 g, 0.01 mol) and 
the mixture was stirred at room temperature for 24h. 	The 
mixture was filtered and the solid was combined with a 
further crop obtained by evaporating the dimethoxyethane 
mother liquor at room temperature and treating the residue 
with diethyl ether to give 2-(N-phenylcarbamoyL)imidazo-
[ 1,5-a]pyridine-3 ( 2 H) -thione (39a) (total 2.0 g; 34%), 
m.p. 1587, identical (m.p. and i.r. spectrum) to an 
authentic sample prepared before. 
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1 -(N-Phenylcarbamoyl)imidazo[1 ,5-a]pyridine-3  (2H) -thione 
(40a) 
A solution of 2-(N-phenylcarbamoyl) imidazo[1 ,5-aI-
pyridine-3(2H)-thione (39a) (1.1 g, 0.004 mol) in anhydrous 
xylene (40.0 ml) was. stirred and heated under ref lux for 
24h. 	The mixture was filtered hot and the solid combined 
with further material obtained by evaporating the xylene 
filtrate and flash-chromatographing the residue over silica, 
eluting with ethyl acetate-cyclohexane (1:5) to remove un-
reacted 2-(t-phenylcarbamoyl)imidazo[1 , 5-a.]pyridine -3  (ZR] - 
thione (39a) as a bright yellow solid (0.25 g; 23%), m.p. 
1550, identical (m.p. and i.r. spectrum) to an authentic 
sample, followed by diphenylurea (0.04 g), then eluting 
with ethyl acetate-cyclohexane (1:2) through to (1:1) to 
give 1-(N-phenylcarbamoyi)imidazo1,5-a]pyridine-3(2H)-
thione (40a) as a yellow solid (total 0.52 g; 48%), m.p. 231°, 
identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
Subsequent elution with ethyl acetate-cyclohexane 
(1:2) through to ethyl acetate gave only gums and solids 
(total 0.13 g), whose t.1.c. inmethylene chloride over 
silica showed them to be unresolvable multicomponent 
mixtures which were not further investigated. 
2-(N-Phenylcarbamoyl)imidazo[1 ,5-a]pyridine-3(2H)-
thione (39a) (0.54 g, 0.002mol) was heated under reduced 
pressure in a kugelrohr apparatus at 170 0 /3mmHg for lh. 
Phenylisocyanate distilled as a colourless liquid (0.05 g) 
identical (i.r. spectrum) to an authentic sample. 	The 
residue was a black solid (0.49 g) which was flash- 
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chromatographed over silica. 
Elution with ethyl acetate-cyclohexane (1:4) gave 
unreacted 2-( -phenylcarbamoyl) imidazo[1 ,5-a] pyridine-3 (2W - 
thione (39a) as a bright yellow solid (0.12g, 22%), m.p. 
154 0 , identical (m.p. and i.r. spectrum) to an authentic 
sample. 
Further elution gave the rearranged product 1-(N-
phenylcarbamoyl) imidazo[1 , 5-a]pyridine-3 (2H)-thione (40a) 
as a yellow solid (0.15 g; 28%), m.p. 230 0 , identical 
(m.p. and i.r. spectrum) to an authentic sample prepared 
before. 
Subsequent elution with ethyl acetate-cyclohexane 
(1:4) through to methanol gave small amounts of gums and 
solids (total 0.22 g) whose t.l.c. in ethyl acetate over 
silica showed them to be unresolvable multicomponent 
mixtures which were not further investigated. 
The Attempted Photolysis of 2-(t-Phenylcarbamoyl)imidazo-
[1 , 5-a]pyridine - 3 (2H) -thione (39a) 
A solution of 2-(N-phenylcarbamoyl)imidazot1,5-a]-
pyridine-3(2H)-thione (39a) (0.54 g, 0.002 niof) 
—
fifanhydrous 
benzene (200 ml) was irradiated at room temperature under 
nitrogen in a Hanovia medium pressure photochemical 
reactor at 254 nm for 6h. 	The mixture was evaporated at 
room temperature to give unreacted 2-(N-phenylcarbamoyl)-
imidazo[ 1,5- a]pyridirie - 3(2H) -thione (39a) as a dark yellow 
solid (0.54 g, 100%), m.p. 130°, identical (i.r. spectrum) 
to an authentic sample. 
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2- (N-Methylcarbamoyl) imidazo [1 . 5-aJ pyrid.ine-3 (2H) -thione 
(39b) 
A solution of imidazo[1.5-ajpyridine-3(2H)-thione (1) 
(0.3 g, 0.002mo1). in anhydrous 1,2-dimethoxyethane (10.0 
ml) was treated with inethylisocyanate (0.12 g, 0.002 mol) 
and the mixture was stirred at room temperature for liSh. 
The mixture was evaporated and the green gummy solid washed 
with 2M aqueous sodium hydroxide solution (7.0 ml) to 
leave 2-(N-methylcarbamoyl)imidazo[1,5-a]pyridine-3(2H)-
thione (39b) as a green solid (0.23 g; 5.5%) which was 
purified by crystallisation to give green needles, m.p. 132° 
(from toluene-light petroleum/b.p. 80-100°), 	max 3140 hr 
(NH), 1720 hr (Ca), and 1640(hkIb2fl cm- hpXmax  (log E) 
(ethanol) 398 (3.65 ), 323 inf. (3.74), 312 (3.90), 303 
inf. (3.86), 229 (4.38), and 206 (4.33), 	5f(CD 3 ) 2 SO] 10.36 
(1H, brq., J4.OHz, NH), 8.09 (1H, dm, J 5,6  7.2Hz,  H-5), 7.95 
(1H, s, H-i), 7.42 (1H, dm, J 7,8  8.7Hz,  H-8), 6.90 (1H, ddd, 
J78 9.1 J67 6.3 and J 5,7  1.OHz,  H-7), 6.72 (1H, ddd, J56 
7.1 1 J676.4 and J6,8  1.5Hz,  H-6), and 2.98 (3H, d, J4.8Hz, 
CH 3 ). 
Found: C, 51.9; H, 4.4; N, 20.4%; M, 207. 
C 9 H9N 303 requires: C, 52.2; H, 4.4; N, 20.3%; M , 207. 
The Hydrolysis of 2-(N-Methylcar.bamoyl)imidazo[1 ,5-a]-
pyridine-3 (2H)-thione (39b) 
A solution of 2-(N-methylcarbamoyl)imidazo[1,5-a]-
pyridine-3(2H)-thione (39b) (0.41 g, 0.002 mol) in 2M 
aqueous sodium hydroxide solution (10.0 ml) was heated at 
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100 0 (water bath) for 30 mm. 	The mixture was washed with 
methylene chloride, (3x10.0 ml) and acidified with concen-
trated hydrochioricacidand the precipitated brown solid 
was collected and combined with further material obtained 
by extracting the aqueous acidic mother liquor with methy-
lene chloride (3x10.0 ml) to give imidazotl, 5-a]pyridine-
3(2H)-thione (1) as a mustard yellow solid (total 0.24 g; 
80%), m.p. 155°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The Thermolysis of 2-(N-Methylcarbamoyl)irnidazof 1,5-a]-
pyridine-3(211)-thione (39b) in Xylene under Ref lux 
A solution of 2-(N-methylcarbamoyl)imidazo[1,5--a].-
pyridine-3(2H)-thione (39b) (0.41 g, 0.002 md) in anhydrous 
xylene (10.0 ml) was stirred and heated under ref lux for 7h. 
The mixture was evaporated to leave a brown gummy solid 
which was washed with 2M aqueous sodium hydroxide (3.0 ml) 
to leave unreacted 2-(N-methylcarbamoyl)imidazo[1 ,5-a]- 
pyridine-3(2u)-thione (39b) (0.2 g, 46%), m.p. 140°, identical 
(i.r. spectrum) to an authentic sample. 
The basic aqueous mother liquor was neutralised with 
concentrated hydrochloric acid, 2M aqueous sodium hydroxide 
solution and glacial acetic acid and extracted with methy-
lene chloride (3x10.0 ml) to afford imidazo[ 1 , 5-a]pyridine-
3(211)-thione (1) (0.12 g; 	40%), m.p. 155 0 , identical (m.p. 
and i.r. spectrum) to an authentic sample prepared before. 
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The Attempted Reaction of Imidazo[1,5-ajpyridine-3(2H)-
thione (1) with Methyl I.socyanate in 1,2-Dimethoxyethane 
under Reflux 
A solution of irnidazo[1,5-a)pyridine-3(2H)-thione  (1) 
(1.5 g, 0.01 mol) and methyl isocyanate (5.7 g, 0.1 mol) 
in anhydrous 1,2-dimethoxyethane (50.0 ml) was stirred and 
heated under ref lux in an atmosphere of nitrogen for 24h. 
The mixture was evaporated to leave a green gummy solid 
which was flash-chrornatographed over silica. 
Elution with methylene chloride through to ethyl 
acetate-methylene chloride (1:10) gave 2-(-methylcarbamoyl)-
irnidazo[1,5-a)pyridine-3(2H)-thione (39b) as a yellow solid 
(2.1 g; 	100%), m.p. 150°, identical (nt.p. and i.r. spectrum) 
to an authentic sample prepared before. 
1- (N-Toluene-4 -sulphonylcarbamoyl) imidazo [1 ,5-a] pyridine-
3(2H)-thiorje (40c) 
(a) A solution of imidazotl, 5-a]pyridine-3 ( 2 H) - thione 
(1) (0.3 g, 0.002 mci) in anhydrous 1,2-dimethoxyethane 
(10.0 ml) was treated with toluene-4-sulphonyl isocyanate 
(0.4 g, 0.002 mol) and the mixture was stirred at room 
temperature for 24h. 	The mixture was evaporated at room 
temperature to leave a dark green oil which was triturated 
with diethyl ether and the resulting solid combined with 
further material obtained by evaporating the ether mother 
liquor and retriturating the residue with methylene chloride 
-diethyl ether to afford 1-(N-toluene-4-sulphonylcarbamoyl)-
imidazo[ 1 , 5-ajpyridirie -3 .( 2 H) - thione (40c) (total 0.61 g; 
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87%) which formed pale yellow crystals, m.p. 2000  (from 
dimethylformamide-toluene), Vmax  3110 (NH), 1680 (CO), and 
1640 (C=N) cm 1 , Amax (log c) (ethanol) 403 (3.90), 325 sh. 
(3.93), 295 (4.16), 223 inf. (4.25), and 207 (4.39), 
[ (CD3 ) 2 S0] 13.31 (1H, br, NH), 8.38 (1H,brd., J 56 7.1Hz, 
11-5), 7.96-7.66 (3H, m, 11-8 and ArH), 7.47-7.27 (3H, in, 
11-7 and ArH), 6.94 (111, ddd, J5,6  7.1.,   J6,7  7.0  and J 6,8  1.1Hz, 
H-6), and 2.39 (3H, s, ArCH 3 ) 
Found: C, 52.0; H, 3.8; N, 12.0%; M, 347. 
C 15H 13N 30 3 3 2 requires: C, 51.9; H, 3.8; N, 12.1%; M , 347. 
(b) A solution of 2-(N-phenyicarbamoyl)imidazofl,5-a]-
pyridine-3(2H)-thione (39a) (0.54 g, 0.002 mol) in anhydrous 
dimethylformamide (10.0 ml) was treated with toluene-4-
iu.phony1 isocyanat& (0.4 g, 0.002 mol) and the mixture was 
stirred at room temperature for 45h. 	The mixture was 
evaporated to give a green-yellow solid which was washed with 
methylene chloride-diethyl ether and the solid obtained 
combined with further material isolated by evaporating the 
methylene chloride-ether mother liquor and washing the 
residual green solid with 211 aqueous sodium hydroxide (5.0 
ml) to give urireacted 2-(N-phenylcarbamoyl)imidazo[1,5-a]-
pyridine-3(2H)-thione (39a) (total 0.11 g; 20%), m.p. 150°, 
identical (m..p. and i.r. spectrum) to an authentic sample 
prepared before. 
The basic aqueous extract was acidified with concen-
trated hydrochloric acid to precipitate a yellow solid which 
was crystallised from dimethylformamide-water to yield the 
dimethylformamide solvate of 1-(N-toluene-4-sulphonylcar-
bamoyl)imidazo[1 ,5-ajpyridiñe-3(211)-thione (40c) as yellow 
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needles (0.46 g; 55%), m.p. 211°, Vma  3200 br (NH) and 
1640 (CO), 5[(CD 3 ) 2 Sol 8.35 (1H, d, J 56 7.OHz, H-S), 7.94-
7.75 (3H, in, H-8 and ArH) , 7.50-7.20 (3H, in, H-7 and Arfi) 
6.97 (1H, d, J 	7.0Hz, H-6), 2.88 (3H, s, CR,), 2.74 (3H, 5,6 -.3 
5, CH3 ), and 2.38 (3H, s, ArCH 3 ). 
Found: 	C, 51.5;,H, 4.6; N, 13.1%; tMt_ (CH 3)2NCHOJ, 347. 
C 18 H20N4 04 S 2 requires: C, 51.4; fl,  4.8; N, 13.3%; N , 420. 
Recrystallisation of the dimethylformamide solvate 
from glacial acetic acid afforded 1-(-toluene-4-sulphonyl-
carbamoyl)imidazo[1 , 5-a]pyridine -3 ( 2 H) -thione (40c) as a 
green solid, m.p. 205°, identical (m.p. and i.r. spectrum) 
to an authentic sample prepared before. 
The Attempted Hydrolysis of 1-(N-Toluene-4-sulphonylcarba-
moyl)imidazo[1 ,5-alpyridine--3 ( 2 H) - thione (40c) 
.A solution of 1-(N-toluene-4-sulphonylcarbamoyl)-
imidazo[ 1 , 5-a]pyridine --3 ( 2H) -- thione (40c) (0.7 g, 0.002 mo-L)' 
in 2M aqueous sodium hydroxide solution (10.0 ml) was heated 
at 100° (water-bath) for 0.5h. 	The solution was acidified 
with concentrated hydrochloric acid and the precipitated 
solid was collected and combined with a second crop obtained 
by extracting the acidic aqueous mother liquor with methylene 
chloride (4x10.0 ml) to give unreacted starting material 
(total 0.6 g; 86%), m.p. 212 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
The acidic aqueous mother liquor was neutralised with 
2N aqueous sodium hydroxide solution and glacial acetic acid 
then extracted with methylene chloride (3x10.0 ml) to give 
only a negligible amount of green oil. 	 - 
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The Attempted Thermal Rearrangement of 1-(-Toluene-4-
suiphonylcarbamoyl) imidazo(1 ,5 -'a]pyridine - 3 (2H)-thione 
(40c) 
A suspension of 1-(N-toluene-4-sulphonyicarbamoyl) - 
imidazo[ 1 , 5-a]pyridine -3( 2 H) - thione (40c) (0.7 g, 0.002 mol) 
in anhydrous xylene (20.0 ml) was stirred and heated under 
ref lux for 24h. 	The cooled mixture was filtered to give 
a dark yellow solid which was washed with light petroleum 
to give unreacted 1- (N-toluene-4-sulphonylcarbamoyl) - 
imidazo[ 1 , 5-a]pyridine- 3( 2 H) -- thione (40c) as a dark yellow 
solid (0.53 g; 76%), m.p. 198°, identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
The xylene-light petroleum mother liquor was evaporated 
to leave a dark oil (0.13 g) whose t.l.c. in ethyl acetate 
over silica showed it to be an unresolvable multicomponent 
mixture which was not further investigated. 
The Attempted Reaction of 1-(N-Toluene-4-sulphonylcarbamoyl)-
imidazo[1 ,5-a]pyridine-3(2H)-thione (40c) with Phenyl 
I socyanate 
(a) A solution of i-(N-toluene-4-sulphoriylcarbamoyl)-
imidazo[ 1 , 5-a]pyridine -3 ( 2 }) - thione (40c) (0.7 g, 0.002 
rnol) in anhydrous dimethylformamide (10.0 ml) was treated 
with phenyl isocyanate (0.24 g, 0.002 mol) and the mixture 
was stirred at room temperature for 140h. 	The mixture was 
evaporated to leave a green solid which was washed with 
methylene chloride-diethyl ether to give the dimethyl-
formarnide solvate of unreacted 1-(N-toluerie-4-sulphonyl- 
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carbamoyl)imidazo(1 ,S-a]pyridine-3(211)-thione (40c) as a 
green solid (0.93 g; 100%), m.p. 211°, identical (m.p. and 
i.r. spectrum) to an authentic sample prepared before. 
(b) A solution of 1-(N-toluene-4-sulphonylcarbamoyl)-
imidazo[ 1 , 5-a]pyridine -3 ( 2 H) -thione (40c) (0.7 g, 0.002 
mol) and phenyl isocyanate (0.24 g, 0.002 mol) in anhydrous 
xylene (70.0 ml) was stirred and heated under ref lux for 7h. 
The mixture was filtered hot and the solid was combined 
with further material obtained by evaporating, the xylene 
filtrate, extracting the residue with 2M aqueous sodium 
hydroxide solution (10.0 ml). to leave diphenylurea (0.05g), 
identical (i.r. spectrum) to an authentic sample, and 
acidifying the alkaline extract with concentrated hydro-
chloric acid to give unreacted 1-(N-toluene-4-sulphonyl-
carbamoyl)imidazo[1 , 5-a]pyridine -3 ( 2 H) - thione (40c) (0.69 g; 
99%), m.p. 217°, identical (m.p. and i.r. spectrum) to an 
authentic sample prepared before. 
The Attempted Reaction of 1-(N-Toluene-4-sulphonylcarbamoy])-
imidazo[1 , 5-a]pyridine-3 ( 2 }{) -thione (40c) With Toluene-4-
suiphonyl Isocyanate 
(a) A solution of 1-(N-toluene-4-sulphonylcarbamoyl)-
imidazo[ 1 , 5-a]pyridine -3 ( 2 H) -thione (40c) (0.7 g, 0.002 
mol) in anhydrous dimethylformamide (10.0 ml) was treated 
with toluene-4-sulphonyl isocyanate (0.4 g, 0.002 'mol) and 
the mixture was stirred at room temperature for 40h. 	The 
mixture was evaporated at room temperature to leave a 
green-yellow solid which was washed with diethyl ether to 
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give the dinethylformamide solvate of unreacted 1-(N-
toluene-4--sulphonylcarbamoyl.) imidazo [1 ,5-a]pyridine-3 (2H) - 
thione (40c) (0.79 g; 94%), M.P. 198°, identical (M.P. 
and i.r. spectrum). to an authentic sample prepared before. 
The ether mother liquor was evaporated to leave a 
green gum (0.37 g), whose t.l.c. in diethyl ether over silica 
showed it to be an unresolvable multicomponent mixture con-
taining the unreacted imidazopyridinethione derivative 
(40c) and was not further investigated. 
(b) A suspension of 1-(t-'toluene-4-sulphonylcarbamoyl)-
imidazo[ 1 , 5-a]pyridine- 3( 2 H) -thione (40c) (0.35 g, 0.001 
mol) and toluene-4-sulphonyl isocyanate •(0..2 g, 0.001 mol) 
in anhydrous xylene (50.0 ml) was stirred and heated under 
ref lux for 24h. 	The cooled solution was filtered to 
afford unreacted 1- (N-toluene-4-sulphonylcarbamoyl) imidazo-
[ 1,5-a]pyridine-3 ( 2 H) -thione (40c) as a green solid (0.35 g; 
100%), M.P. 197°, identical (M.P. and i.r. spectrum) to an 
authentic sample prepared before. 
2-N-Methylimidazo[1 ,S-a]pyridine-3(2H)-thione (43) 
2-N-Methylimidazo[ 1 , 5-a]pyridine -3 ( 2 H) - thione (43) was 
provided by Glaxo Group Research Limited (Ware) and had 
M.P. 1430, Vmax  3080 (NH), and 1640(t4jb€flcm1, Amax 
(log s) (ethanol) 378 (3.39), 312 (3.96), 301 (4.06), 291 
inf. (3.95), 230 (4.19), and 203 (4.04), 6(CDC1 3 ) 8.26 (1H, 
dd, j 5,6 7.2, and J57 	1.2Hz, .H-5), 7.12 (1H, dd, 
17,8 9.2, and J68 	- ;•-1.3Hz, H-B), 6.96 (1H, brs, H-i), 
6.72 (1H, ddd, J7,8 9.2; 	J6,7  6.3,  and 3 	1.3Hz, H-7), 6.50 
(1H, ddd, J 5,6 7 - 	,7 21 6 6.3, and J6,8  1.4Hz,  H-6), and 3.87 
(3H, s, NCH 3). 
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2-N-Methyl-i- (fl-toluene-4-sulphonylcarbamoyl) imidazo-
[1 ,S-a]pyridine-3(2H)-thione (44c-) 
A solution of 2-N-methylinidazo[ 1 , 5-a]pyridine-3 ( 2H) -
thione (43) (0.32 g, 0.002 mci) in anhydrous 1,2-dimethoxv-
ethane (20.0 ml) was treated with toluene-4-suiphonyl 
isocyanate (0.4 g, 0.002 mol) and the mixture was stirred for taL 
ctk t'A- to yield 2-N-methyl-1-(-toluene-4-sulphonylcarbamoyl)-
imidazo[ 1,5-a]pyridine-3 ( 2 H) -thione (44c) as a yellow solid 
(0.31 g; 43%) which formed yellow crystals m..p. .202° (from 
dimethylformamide-ethanol), v 	3120-2500 (NH), 1680 (Co),max 
and 1635(WHheAà)ciri 1 r Amax (log c) (ethanol) 400 (3.81), 
295 (4.15), 228 (4.21), and 207 (4.69), 6[(CD 3 ) 2 so] 8.47 
(1H,ddd, 135,67.2 and J 5,7 and 5,81 .1Hz, H5) 	7.92 (IH, d, 
138.3Hz, ArH) , 7.76 (1H,dc5d, 137 8• 	and 6,8 and 581.lHz, 
H-8) , 7.49-7.40 (3H, m, H-7 and ArH) , 7.00 (111, ddd, J 56 
7.4. 136,76.7 and J 6,8  1.OHz,  H-6), 3.84 (3H, s, N-CH3 ), and 
2.41 (3H, s, ArCH 3 ). 
Found: C, 53.1; H, 4.2; N, 11.9%; M, 361. 
C 16H 15N 3 0 3 3 2 requires: C, 53.2; H, 4.2; N, 11.6%; M , 361. 
The 1 ,2-dimethoxyethane mother liquor was evaporated 
to leave a green gum which was flash-chromatographed over 
silica. 
Elution with ethylacetate-methylene chloride (1:5) gave 
a green gum (0.4 g) whose t.l.c. in ethyl acetate over 
silica showed it to be an unresolvable multicomponent 
mixture S containing unreacted 2-N-methylimidazo [1 , 5-a] - 
pyridine-3(2}i)-thione (43) which was not further investi-
gated. 
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The Attempted Reaction of 2-N-Methylimidazo[ 1 , 5-a]pyridine --
3(2H)-thione (43) with Phenyl Isocyanate 
A solution of 2-N-methylimidazo[1 , 5-alpyridine -3 ( 2H) -
thione (43) (0.17 g 0.001 mci) in anhydrous 1,2-dimethoxy-
ethane (10.0 ml) was treated with phenyl isocyanate (0.12 
g, 0.001 mol) and the mixture was stirred at room tempera-
ture for 48h after which time t.l.c. of the mixture in 
ethyl acetate over silica showed the presence of only the 
unreacted starting-materials. The mixture was therefore 
heated under reflux for 24h then evaporated to leave a 
gummy solid (0.32 g) which was flash-chromatographed over 
silica. 
Elution with ethyl acetate-methylene chloride (1:9) 
gave diphenylurea (0.07 g), identical (i.r. spectrum) to 
an authentic sample. 
Further elution gave unreacted 2-N-methylimidazo-
[1,5-ajpyridine-3(2tfl-thione (43) as a green gummy solid 
(0.05 g) , identical (i.r. spectrum) to an authentic sample. 
Subsequent elution with ethyl acetate-methylene chloride 
(1:3) gave a green gummy solid (0.15 g), whose-t.l.c. in 
ethyl acetate over silica showed it to be a close-running 
multicomponent mixture containing 2-N-methylimidazo[1 ,5-]-
pyridine-3(2H)-thione (43) which was not further investigated. 
Further elution with ethyl acetate through to methanol 
gave only negligible amounts of gums. 
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The Attempted Reaction of 1-(N-Phenylcarbamoyl)imidazo- 
[1 ,5-alpyridine--3(2H)-thione (40a) with Toluene-4-sulphonyl 
Isocyanate 
A solution of 1-(I-phenylcarbamoyl) imidazo[1 ,S-a] - 
pyridine-3(2H)-thione (40a) (0.27 g, 0.001 mol) in 
anhydrous xylene (50.0 ml) was treated with toluene-4-
sulphonyl isocyanate (0.2 g, 0.002 mol) and the mixture was 
heated under ref lux for 7h. 	The mixture was filteted hot 
to give an intractable brown solid (0.1 g), m.p. >350°, 
which defied characterisation and was not further investi-
gated. 
The xyiene mother liquor was evaporated to leave a 
brown solid (0.32 g), whose t.l.c. in ethyl acetate over 
silica showed it to be an unresolvable multicomponent 
mixture containing 1-(N-phenylcarbanioyl) imidazo[1 ,5-aJ - 
pyridine-3(2H)-thione (40a), and was not further investigated. 
The Attempted Reaction of 1-(N-Phenylcarbamoyl)imidazo-
L 1,5-a]pyridine- 3(2H) -thione. (40a) with Phenyl Isocyanate 
A solution of 1-(-phenylcarbamoyl)imidazo[1,5-a]-
pyridine-3(2H)-thione (40a) (0.54 g, 0.002 mdl) in anhydrous 
dimethylformamide (10.0 ml) was treated with phenyl iso-
cyanate (0.24 g, 0.002 mol) and the mixture was stirred at 
room temperature for 63h. 	The mixture was evaporated at 
room temperature to leave a brown-black gum which was 
treated with 2M aqueous sodium hydroxide solution (10.0 ml) 
and extracted with methylene chloride (4x10.0 ml) to give 
diphenylurea (0.41 g), identical (i.r. spectrum) to an 
authentic sample. 
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The basic aqueous mother liquor was acidified with 
concentrated hydrochloric acid and the precipitated solid 
was collected and combined with further material obtained 
by extracting the acidic aqueous mother liquor with 
methylene chloride to give unreacted 1-(N-phenyldarbamoyl)-
imidazo[ 1 , 5-a]pyridine - 3( 2 H) -thione (40a) (0.25 g; 46%), 
m.p. 233°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The Reaction of Imidazo{ 1 , 5-a]pyridine -3 ( 2 H) -- thione (1) 
with Phenyl Isothiocyanate 
A solution of imidazo[ 1 , 5-a]pyridine-3 ( 2 H] -thione 
(1) (1.5 g, 0.01 mol) and phenyl isothiocyanate (2.7 g, 
0.002 mol) in anhydrous xylene (100 ml) was stirred and 
	
heated under ref lux for 22h. 	The mixture was cooled and 
the supernatant liquid was decanted to leave a solid which 
was dissolved in methylene chloride and the solution 
evaporated to leave 13: cijbydro -*iPhen4-4s(pyad;n-2-yL)aJj - 
_ 	 - 	- as a dark purple rcd solid 
(24 g; 82%), m.p. 190°, •identical (i.r. spectrum) to an 
authentic sample prepared before. 
The xylene mother liquor was evaporated and the 
residue was triturated with diethyl ether to leave an 
unidentified dark purple solid (0.33 g), m.p. 224°, which 
could not be purified for further characterisation. 
A solution of imidazo[ 1 , 5-a]pyridine -3 ( 2 H) -thione 
(1) (0.3 g, 0.002 mol) in anhydrous1,2-dimethoxyethane 
(10.0 ml) was treated with phenyl isothiocyanate (0.27 g, 
0.002 mol) and the mixture was stirred at room temperature 
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for 170h. 	The mixture was evaporated to leave a gummy 
solid which was washed with diethyl ether to give unreacted 
imidazo[ 1 , 5-a]pyridine -3 ( 2 H). -thione (1) as a green solid 
(0.26 g; 87%), m.p. 1250,  identical (i.r. spectrum) to an 
authentic sample. 
The ether mother liquor was evaporated to leave a 
green gum (0.3 g) , whose t.l.c. in diethyl ether over silica 
showed it to be an unresolvable multicomponent mixture 
which was not, further investigated. 
Attempted Reaction of Imidazo[1 ,5-a}pyridine-3(2H)-
4hio 
ione (1) with Methyl isobvanate 
A solution of imidazo[ 1 , 5-a]pyridine--3 ( 2 H) - thione (1) 
(0.3 g, 0.002 mol) in anhydrous 1,2-dimethoxyethane (10.0 
ml) was treated with methyl isothiocyanate (0.15 g, 0.002 
mol) and the mixture was stirred at room temperature for 
18h after which time t.l.c. in ethyl acetate over silica 
showed no reaction. 	The mixture was therefore heated 
under refiux for 6h and then evaporated to leave a green 
gummy solid (0.42 g) which was flash-chromatographed over 
silica. 
Elution with ethyl acetate-methylene chloride (1:2) 
gave unreacted imidazo[1 , 5-a]pyridine -3 ( 2 H) - thione (1) 
as an orange solid (0.29 g; . 97%), m.p. 155°, identical 
(m.p. and i.r. spectrum) to an authentic sample prepared 
before. 
2-( Phenylacetyl)imidazo[ 1 , 5-4]pyridine -3 ( 2H) -thione (58a) 
A solution of imidazo[1,5-a]pyridine-3(2H)-thione (1) 
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(6.0 g, 0.04 mol) in anhydrous 1,4-dioxane (70.0 ml) was 
cooled to 00  (ice-salt bath.) and treated with stirring with 
triethylamine (4.4 g, 0.044 mol) followed dropwise with a 
solution of phenylacetyl chloride (7.3 g, 0.044 mol) in 
anhydrous 1,4-dioxane (30.0 ml). 	The mixture was allowed 
to warm to room temperature and stirred at room temperature 
for 45 mm. 	Filtration gave a yellow solid (6.6 g) which 
was washed with water (100 ml) and combined with a second 
crop obtained by evaporating the 1,4-dioxane mother liquor, 
treating the residue with 2M aqueous sodium hydroxide solu-
tion (70.0 ml) and extracting with methylene chloride 
(4x25.0 ml) to give 2-(phenylacetyl)imidazo[1 , 5-a]pyridine-
3(2H)-thione (58a) (total 10.3 g; 96%) which formed 
yellow needles, in.p. 141° (from glacial acetic acid-toluene), 
Umax 1730 (CO) and 1650(K4Hb&4m_ 1 , A 	(log E) (ethanol)max 
448 inf. (3.40), 	436 (3.77), 310 sh. (3.82), 300 (3.88), 
2.92 inf. (3.84), 229 (4.28), and 208 (4.41), 6[(CD 3 ) 2 30], 
8.07 (111, dm, T5,6 7. 	and 357 1.iHz, 11-5), 7.38-7.22 (711, m, 
H-i, H-8 and ArE), 6.76 (1H, ddd, J 
7,8  9.1, 16,7  6.3,  and 
.0Hz, 11-7), 6.62 (111, ddd, J567.3, 
J6,7  6.3 and 
1.1Hz, 11-6), and 3.60 (211, 5, Cl! 2 ) 
Found: C, 67.0; H, 4.5.; N, 10.4%; M, 268. 
C 1 H 1 .) N ) OS requires: C, 67.1; H, 4.5; N, 10.4%; M , 268. 
The Hydrolysis of 2-(Phenylacetyl).imidazo[1 ,5-a]pyridine-
3(211)-thione (58a) 
2-(Phenylacetyl)mmidazo[1 ,5-a]pyridine-3(2H)-thione 
(58a) (0.44 g, 0.0017 mol) was treated with 2M aqueous 
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sodium hydroxide solution (10.0 ml) and the mixture was 
heated at 100 0 	(water bath) 	for 30 mm. Extraction of the 
resulting solution with methylene chloride (3x10.0 ml) gave 
no organic material. 
The basic aqueous mother liquor was acidified with 2M 
aqueous hydrochloric acid and extracted with methylene 
chloride (3x10.0 ml) to leave a green gummy solid (0.39 g) 
which was washed with diethyl ether to give imidazo[1,5-a]-
pyridine-3(2H)-thione (1) as a green solid (0.12 g; 49%), 
m.p. 140 0 , identical (i.r. spectrum) to an authentic sample 
prepared before. 
The ether mother liquor was evaporated to leave a 
green-yellow solid (0.2 g), whose i.r. spectrum indicated 
it to be impure phenylacetic acid, but whose t.l.c. in 
ethyl acetate over silica showed it to be an unresolvable 
multicomponent mixture which was not further, investigated. 
1-(Phenylacetyl)jmidazo[1 , 5-a]pyridine-3 ( 2 H) -thione (60a) 
(a) A solution of 2 - (phenylacetyl)inidazo[1,5-a]pyridmne-
3(211)-thione (58a) (1.0 g, 0.006 mol) in anhydrous xylene 
(25.0 ml) was stirred and heated under ref lux for 3.25h. 
Evaporation of the mixture afforded a black gum which was 
flash-chromatographed over silica. 
Elution with ethyl acetate-cyclohexane (1:5) through 
to ethyl acetate-cyclohexane (1:4) gave 1-(phenylacetyl)-
imidazo[1,5-a]pyridmne-3.(2H)-thione (60a) as a mustard 
coloured solid (0.37 g; 31%) which formed orange needles, 
m.p. 233° (from dimethylformamide ethanol) 	3100-2660max 
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(NH), 1650 (CO) and 1630(VHbtfld')cm 1 , 6[ (CD )SO] 14.22 
(11-I, brs, NH), 8.48 (1H, d 1 J56 7.3Hz, H-S), 8.06 (1H,b, 
J., 0 9.3HZ, H-8), 7.46 (1H, dd, J7
, 8  9•3 and J ,6.8Hz, 
	
l,U 	 U1 
7.29 (SH, brs, ArH), 7.06 (1H, ad, J 5 7.3 and J6 , 7  6.9Hz, I  
H-6) , and 4.23 (2H, s, CH 2 ) 
Found: C, 67.0; H, 4.5; N, 10.5%; N t , 168. 
C 15 H 12N 20S requires: C, 67.1; H, 4.5; N, 10.4%; N , 268. 
Further elution with ethyl acetate-cyclohexane (1i4) 
through to methanol gave gums and small amounts of solids 
(total 0.9 g)., whose t.l.c. in ethyl acetate over silica 
showed them to be unresolvable multicomponent mixtures 
which were not further investigated. 
(b) A solution of 2-(phenylacetyl)imidazo[1,5-a]-
pyridine-3(2H)-thione (58a) (0.54 g, 0.002 mol) in anhydrous 
toluene (20.0 ml) was stirred and heated under reflux for 
14h. 	The solution was evaporated to leave a dark green 
gum which was flash-chromatographed over silica. 
Elution with ethyl acetate-cyclohexane (1:9) gave only 
small amounts of brown oils and gums (total 0.05 g). 
Elution with ethyl acetate-cyclohexane (1:7) gave 
impure phenylacetic acid as a green semi-solid (0.11 g) 
identical (i.r. spectrum) to an authentic sample. 
Further elution with ethyl acetate-cyclohexane (1:5) 
followed by ethyl acetate-cyclohexane (1:3) through to 
ethyl acetate-cyclohexane (1:1) gave 1-(phenylacetyl)-
imidazo[ 1 , 5-a]pyridine -3(2H) -thione (60a) (total 0.21 g; 
35%), m.p.' 234°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Elution with ethyl acetate gave impure imidazo[1,5-a]-- 
139 
pyridine-3(211)-thione (1) (0.17 g; 57%), identical (i.r. 
spectrum) to an authentic sample. 
Elution with ethyl acetate through to methanol gave 
only a negligible amount of a green gummy solid which was 
not further investigated. 
(0) 2-(Phenyiacetyl)imidazo[1 , 5-a]pyridine- 3( 2 11) - thione 
(58a) (0.54 g, 0.002 mol) was heated in a kugelrohr 
apparatus under reduced pressure at 180 0 /2nimHg for lh. The 
solid melted at 1.10 0 /2mmHg and turned black and as the 
temperature was increased an oil distilled which on cooling 
afforded a semi-solid (0.08 g), v 
max  2060 cm 1 , which was 
washed with diethyl ether, to leave a negligible amount of 
acolourless crystalline solid. 	The ethereal solution was 
evaporated to leave phenylacetic acid (0.06 g) as a low-
melting solid identical (i.r. spectrum) to an authentic 
sample. 
The involatile material was a black solid (0.4 g) which 
was flash-chromatographed over silica. 
Elution with ethyl acetate-cyclohexane (1:3) gave a 
negligible amount of black solid. 
Further elution gave 1-(phenylacetyl)imidazo[1 ,5-i]-
pyridine-3(2H)-thione (60a) as a yellow solid (0.14 g; 
26%), m.p. 225°, identical (m.p. and i.r. spectrum) to an 
authentic sample prepared in (a) before. 
Subsequent elution with ethyl acetate-cyclohexane (1:3) 
through to methanol gave oils and gums (total 0.23 g) whose 
t.l.c. on ethyl acetate over silica showed them to be 
unresolvable multomponent mixtures which were not further 
investigated. 
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1 - (Phenylacetyl)imidazo[ 1 , 5- a]pyridine -3 ( 2H) -thione Oxime 
(61) 
A mixture of 1-(phenylacetyl)imidazo[1 , 5-a]pyridine-
3(2H)-thione (6.Oa) (0.44 g, 0.0017 mol) in ethanol (80.0 
ml) was stirred and heated under ref lux then treated with 
a solution of hydroxylamine hydrochloride (1.4 g, 0.02 mol) 
in water (5.0 ml). 	The mixture was heated under reflux 
for lh then concentrated to one half of the original 
volume. 	The precipitated solid was collected and washed 
with saturated aqueous sodium hydrogen carbonate solution 
(15.0 ml) to yield unreacted 1-(phenylacetyl)imidazo[1 ,5-a]-
pyridine-3(2H)-thione (60a) (0.21 g; 48%), m.p. 200°, 
identical (i.r. spectrum) to an authentic sample. 
The aqueous-ethanol mother liquor was neutralised with 
concentrated hydrochloric acid and 2M aqueous hydrochloric 
acid then evaporated to remove the ethanol. 	The residue 
was treated with water (10.0 ml) and extracted with 
methylene chloride (4x20.0 ml) to yield a green gum (0.14 
g) which was triturated with methylene chloride-diethyl 
•ether to give 1-(phenylacetyl)imidazo[1,5-a]pyridine-3(2H)-
thione oxime (61) as a green solid (0.05 g; 10%) which 
formed green-yellow crystals, m.p. 190°, (from ethanol- 
toluene), v 	3330 (OH) , 3200-2500 (NH) , and 1630 (CN)max 
cm 1 , 	S[(CD3 ) 2 SO] 815 (.1H, d, J 5,6  7.SHz,  H-5), 7.64 (1H, 
d, J78 9.4Hz, H-B), 7.22 (SH, brs, ArE) , 6.95 (1H, dd, 
J78 9.3 and J67 6.3Hz, H-7) , 6.73 (1H,flfl,-C 	H-6) 
and 4.23.(2H, 5, CH2 ). 
Found: M, 283.0769 
CH 1 NOS requires: M , 283.0779 
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The Attempted Thermal Rearrangement of 2-(Phenylacetyl)-
imidazo[1,5-ajpyridine--3(2H)-thione (58a) in the Presence 
of 1 ,4-Benzoquinone 
A solution of 2- (phenylacetyl) imidazo[1 , 5-alpyridine-
3(2H)-thione (58a) (0.54 g, 0.002 mol) and 1,4-benzoquinone 
(0.22 g, 0.002 mci) in benzene (15.0 ml) was stirred and 
heated under reflux for 3h. 	The solution was evaporated 
to leave a dark-brown solid (0.18 g) which was triturated 
with methanol-methylene chloride to give an intractable 
brown solid (0.1 g), m.p. 203 0 , which could not be purified 
for further characterisation. 
The methanol-methylene chloride mother liquor was 
evaporated to leave a black viscous oil (0.66 g) whose 
t.i.c. in ethyl acetate over silica showed it to be an 
unresolvable muiticomponent mixture which was not further 
investigated. 
2-(Prppionylimidazo[1 .5 -a]pyridine -3(2H) -thione (58b) 
A solution of imidazo[ 1 , 5-a]pyridine -3 ( 2 H) - thione (1) 
(0.3 g, 0.002 mol) in anhydrous 1,4-dioxane (5.0 ml) was 
stirred and cooled to 0° (ice-salt bath) treated with 
triethylamine (0.22 g, 0.0022 mol) followed dropwise with 
a solution of proØonyl chloride (0.2 g, 0.0022 mol) in 
anhydrous 1,4-dioxane (5.0 ml). 	The mixture was stirred 
at room temperature for 45 min then filtered to remove the 
precipitated triethylamine hydrochloride as a colourless 
solid (0.27 g). 
The dioxane filtrate was evaporated at room temperature 
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to leave a green gummy solid which was washed with ethyl 
acetate-diethyl ether and combined with a second crop. 
obtained by evaporating the ethyl acetate-ether mother 
liquor at room temperature, • treating the residue with 2M 
aqueous sodium hydroxide solution (10.0 ml) and extracting 
with methylene chloride (4x10.0 ml) to give 2-propionyl-
imidazoC1 ,5-ajpyridine-3(2H)-thione (58b) (total 0.28 g; 
68%) which was purified by crystallisation, m.p.. 128° 
(from toluene-light petroleum/b.p. 80-100°), Vmax  1730 (CO) 
and 1650(HbCM)cm1, Ama (log c) (ethanol) 448 inf. (3.45), 
425 (3.63), 410 sh. (3.61), 333 inf. (3.53) ,310 sh. (3.86), 
302 (3.88), 231 (4.28), and 207 (4.43), 5(CDC1 3 ) 8.28 (1H, 
dm, J5,6  7.3Hz,  H-S), 7.63 (1H, brs, H-i), 7.07 (1H, dm, J78 
9.3Hz, H-8), 6.70 (1H, dd, 3 7,8  9. 	and J6,7  6.lHz,  H-7), 
6.44 (1H, ddd, J56 7.4 1 35 7 6.3andJ6,8  1.1Hz,  H-6), 3.69 
(2H, q, J7.2Hz, CE), and 1.31 (3H, t, 37.2Hz, CH 3 ). 
Found: C, 57.5; H, 4.9; N, 13.4%; M, 206.0522. 
C 10H 10N20S requires: C, 58.2; H, 4.9; N, 13.6%, N _206.0514. 
The basic aqueous mother liquor was acidified with 2M 
aqueous hydrochloric acid and extracted with methylene 
chloride (3x20.0 mol) to give only a•  negligible amount-of 
black gum 
The Attempted Thermal Rearrangement of 2-Propionylimidazo-
[1 ,5-a] pyridine-3 (2H) -thiorie (58b) 
(a) A solution of 2-propionylimidazo[1,5-a]pyridine -
3(2H)-thione (58b) (0.41 g, 0.002 mol) in anhydrous xylene 
(10.0 ml) was stirred and heated under ref lux for 72h, 
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then evaporated to leave a dark solid which was f lash-
chromatographed over silica. 
Elution with methylene chloride gave an orange solid 
(0.03 g) whose t.l.c. in methylene chloride over silica 
showed it to be an unresolvable multicomponent mixture 
which was not further investigated. 
Elution with methanol-ethyl acetate gave a dark oil 
(0.3 g) , whose t.l.c. in methylene chloride over silica 
showed it to be an unresolvable multicomponent mixture, 
which was not further investigated. 
(b). 2-Propionylimidazo[1 ,5-a]pyridine-3(2H)-thione 
(58b) (0.41 g, 0.002 mol) was heated under reduced pressure 
in a kugelrohr apparatus at 186 0 /2mmHg for 30 mm. 	The 
solid melted at 104° and a clear oil (0.06 g) distilled, 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multicomponent mixture. 
The invola.tile black solid residue (0.3 g) was treated 
with 2M aqueous sodium hydroxide solution (10.0 ml) and 
extracted with ethyl acetate (6x40.0 ml) to give a brown 
gummy solid (0.1 g) whose t.l.c. in ethyl acetate over 
silica showed it to be an unresolvable multicomponent 
mixture which was not further investigated. 
The basic aqueous mother liquor was acidified with 
concentrated hydrochloric acid and extracted with methylene 
chloride to give a dark green semi-solid (0.06 g), whose 
t.l.c. in ethyl acetate over silica showed it to be an 
unresolvable multicomponet mixture which was not further 
investigated. 
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Reaction of Imidazo[ 1 , 5-a]pyridine- 3( 2H) --thione (1) with 
3,3-Dimeth.ylbutyroyl Chloride in the Presence of Triethyl-
amine 
(a) A solution of imidazot1,5-ajpyridine--3(2H)-thione 
(1) (0.3 g, 0.002 mol) in anhydrous 1,4-dioxane (10.0 ml) 
was stirred and cooled to 00  (ice-salt bath) then treated 
with triethylamine (0.22g.. 0.0022 mol) followed dropwise 
with a solution of 3,3-'dimethylbutyroyl chloride (0.3 g, 
0.0022 mci) in anhydrous 1,4-dioxane (5.0 ml) and the 
mixture was stirred at room temperature for 45 mm. The 
mixture was filtered to remove the precipitated triethyl-
amine hydrochloride (0.21 g) and the dioxane filtrate was 
evaporated at room temperature to leave a yellow gummy 
solid (0.55 g)which was flash-chromatographed over silica. 
Elution with methylene chloride gave 2-(3,3-dimethyl-
butyroyl)imidazo[1 ,.5-a]pyridine- 3(2fl -thione (58c) as a 
green-yellow solid (0.15 g; 30%), which formed yellow 
crystals, m.p. 148° (from toluene-light petroleum/h.p. 
60-80°), v 	1735 (CO) and 1645(MlbePd)cm_ 1 , 	(CDCl) 8.26max 
(iF!, dm, J5,6 7.6Hz,  H-5) , 7.58 (iF!., s, H-i), 7.04 (iF!, dm, 
8 Hz H-S), 6.69 (1H, dd, J 7,8  9.4 and J 6,7  6.5Hz,  H7), 
6.43 (iF!, ddd, J S6•' J676.4 and J6,8  1.OHz,  H-6), 3.74 
(2H, 5, CH 2 ), and 1.13 (9H, 5, CH 3 ). 
Found: C, 63.0; H, 6.6; 	N, 11.3%; M, 248. 
C 13H 16N 20S requires: C, 62.9; H,.6.5; N, 11.3%; M , 248. 
Elution with eti-ylacetate-methylene chloride (1:1) gave 
a small amount of an uncharacterised brown oil (0.02 g) 
Subsequent elution with ethyl acetate gave 
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imidazo[ 1 , 5-a]pyridine -3 ( 2 H) - thione (1) (0.2 g; 66%), 
identical (t.l.c. and i.r. spectrum) to an authentic sample. 
(b) A solution of imidazo[ 1 , 5-alpyridine-3 ( 2 E) - thione 
(1) (3.0 g, 0.02 mol) in anhydrous 1,4-dioxane (35.0 ml) was 
stirred and cooled to 00 (ice-salt bath) then treated with 
triethylamine (2.2 g, 0.022 mol) followed dropwise with a 
solution of 3,3-dixnethylbutyroyl chloride (3.0 g, 0.022.mol) 
in anhydrous 1,4-dioxane (15.0 ml) and the mixture was 
stirred at room temperature for 45 mm. 	The mixture was 
filtered and the solid was washed with water to remove 
triethylamine hydrochloride and combined with further 
material obtained by evaporating the dioxane mother liquor 
and flash-chromatography of the resulting oily solid eluting 
with methylene chloride-cyclohexane (1:4) to give 2-(3,3-
dimethylbutyroyl)irnidazo[1 , 5-aljpyridine-3 ( 2 H) -thione (58c) 
(total 3.1 g; 61%), m.p. 148°, identical (m.p. and i.r. 
spectrum) to an authentic sample prepared in (a) before. 
Further elution with methylene chloride-cyclohexane 
(1:2) through to methylene chloride-byclohexane (1:1) gave 
3, 3-dimethyl-i - (3, , 3! -dimethylbutyroyloxy) -1- [imidazo [1 ,5-a] - 
pyridine-3(2H)-thion-2-yl]but-1-ene (65c) as an amber oil 
(0.33 g; 5%), Ufla 	3160,. 1760 (CO), 1695 (C=C) , and 1645 
(Hbencm_1, 	(CDC1 3 ) 8.18 (lE, dm, 15,6  7.4Hz,  H-S), 7.14 
(1H, s, H-i), 7.04 (1H, dm, J 78 9.2Hz, H-8) , 6.65 (1H, ddd, 
J789.01 16,7 6.3  and J 5,7  1.2Hz,  H-7), 6.42 (1H, ddd, 
J56 7.4. J6 6.3 and J68 1.3Hz, H-6), 5.45 (1H, s, CH), 2.35 
(2H, s, Cu 2 ), 1.19 (9H, s, Cu 3 ), and 0.95 (9H, 5, CH 3 ). 
Found: M, 346. 
c 1Q u,N.,a.,s requires: M , 346. 	- 	. 
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(c) A solution of inidazo[ 1 , 5-a]pyridine-3 ( 211 ) - thione 
(1) (0.6 g, 0.004 mol) in anhydrous 1,4-dioxane (15.0 ml) 
was stirred and cooled to 0 0 (ice-salt bath) then treated 
with triethylamine (0.88 g, 0.0088 mol) followed dropwise 
with a solution of 3,3-dimethylbutyroyl chloride (1.2 g, 
0.0088 mol) in anhydrous 1,4-dioxane (5.0 ml) and the 
mixture was stirred at room temperature for 1.5h. 	The 
mixture was filtered to remove the precipitated triethyl-
amine hydrochloride (1.1 g) and the dioxane filtrate was 
evaporated at room temperature to leave a semi-solid (1.4 
g) which was flash-chromatographed over silica. 
Elution with methylene chloride-cyclohexane (1:2) gave 
2-(3, 3-dimethylbutyroyl) imidazoti :5-al pyridine-3 (211) -thione 
(58c) as a yellow solid (0.35 g; 35%), m.p. 150°, identical 
(m.p. and i.r. spectrum) to a sample prepared in (a) 
before. 
Further elution gave 3, 3-dimethyl-1-(3 , 3-dimethylbutyroyl-
oxy)-1-(imidazo{1 ,5-a]pyridine-3(2H)-thion-2-yl)but-1-ene 
(65c) as an amber oil (0:72 g; 52%), identical (i.r. spectrum) 
to a sample obtained in (b) before. 
Subsequent elution with methylene chloride-cyclohexane 
(1:1) through to ethyl acetate gave guns (total 0.3 g) whose 
t.l.c. in methylene chloride over silica showed them to be 
unresolvable multicomponent mixtures which were not further 
investigated: 
The Hydrolysis of 3,3-Dimethyl-1-(3,3-dimethylbutyroyloxy)-
1-(imidazof1 ,5-a].pyridine-3(2H)-thion-2-yl)but-1-ene (65c) 
3, 3-Dimethyi-i- (3, 3-dimethylbutyroyloxy) -1- (imidazo- 
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[1,5 -a]pyridirie -3 ( 2 H) -thion-2-yl)but-1-ene (65c) (0.35 g, 
0.001 mol) was treated with 2M aqueous sodium hydroxide 
solution (5.0 ml) and the mixture was heated at 100° (boiling 
water bath) for 2h. 	The solution Was washed with methylene 
chloride (3x20.0 ml) , acidified with concentrated hydro-
chloric acid and extracted with methylene chloride (4x20.0 
ml) to afford a green gummy solid (0.3 g) which was washed 
with diethyl ether to give imidazo[ 1 , 5-a]pyridine-3 ( 2 H) -thione 
(1) as a green solid (0.07 g; 47%), m.p. 150°, identical (m.p. 
and i.r. spectrum) to an authentic sample prepared before. 
The ether mother liquor was evaporated to leave 3,3-
dimethylbutyric acid as an anther oil (0.16 g; 70%) identical 
(i.r. spectrum) to an authentic sample. 
The Attempted Reaction of 2-(3,3-Dimethylbutyroyl)imidazo- 
[1 ,5-a]pyridine-3 ( 2H) -thione (58c) with 3,3-Dimethylbutyro7l 
Chloride 
A solution of 2-(3,3-dimethylbutyroyl)imidazo[1,5-aJ-
pyridine-3(2H)-thione (58c) (0.5 g 0.002 mol) in anhydrous 
1,4-dioxane (15.0 ml) was stirred and cooled to 0° (ice-salt 
bath) then treated with triethylamine (0.22 g, 0.0022 mol) 
followed dropwise with a solution of 3,3-dimethylbutyroyl 
chloride (0.3 g, 0.0022 mol) in anhydrous 1,4-dioxane (5.0 ml) 
and the mixture was stirred at room temperature for 18h. 
The mixture was filtered and the solid was washed with water 
to remove triethylamine hydrochloride and combined with 
further material obtained by evaporating the dioxane filtrate 
to give unreacted 2-(3,3-dimethylbutyroyl)imidazo[1,5-a]-
pyridine-3(2H)-thione (58c) (total 0.5 g; 100%), m.p. 148°, 
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identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
Attempted Bis-acylation Reactions of Imi.dazo[ 1 , 5-apyridine-
3(2H)-thione (1) 
A solution of imidazo[ 1., 5-a]pyridine --3 ( 2 H) -thione (1) 
(0.3 g, 0.002 mol) in anhydrous 1,4-dioxane (10.0 ml) was 
stirred and cooled to 00. (ice-salt bath), treated with 
triethylamine (0.44 g, 0.0.044 mol) followed dropwise with 
a solution of the corresponding acid chloride (0.0044 mol) 
in anhydrous 1,4-dioxane (5.0 ml) and the mixture was 
stirred at room temperature for 1.5h. 	The mixture was 
filtered to remove the precipitated triethylamine hydro-
chloride and the dioxane mother liquor was evaporated at 
room temperature to give the crude product which was further 
worked up as described for the individual reactions below. 
(a) Phenylacetyl chloride gave a yellow dummy solid 
(0.88 g) which was washed with diethyl ether to yield 
2-(phenylacetyl)imidazo(1 , 5-a]pyridine -3 ( 2 H) -thione (58a) 
(0.42 g; 75%), m.p. 124 0 , identical (n.p. and i.r. spectrum) 
to an authentic sample prepared befcre. 
Evaporation of the ether mother liquor at room 
temperature gave an amber semi-solid (0.4 g) which was 
flash-chronatographed over silica. 
Elution with methylene chloride through to methanol 
gave only a series of gums and oils (total 0.39 g) whose 
t.l.c. in methylene chloride over silica showed them to be 
unresolvable raulticomponent mixtures which were not further 
investigated. 	 . 
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(b) Propionyl chloride gave a yellow gummy solid (0.54 
g) which was washed with diethyl ether and combined with a 
second crop obtained by evaporating the diethyl ether mother 
liquor at room temperature and flash-chromatography of the 
residual amber semi-solid over silica eluting with methylene 
chloride-cyclohexane (1:1) to give 2-propionylimidazo[1,5-a]-
pyridine-3(2H)-thione (58b) (total 0.27 g; 66%), m.p. 118°, 
identical (m.p. and i.r.. spectrum) to an authentic sample 
prepared before. 
Elution with methylene chloride-cyclohexane (2:1) gave 
an unstable amber oil (0.15 g), umax  1770 (CO), 1700 (C=C), 
and 1645 (C=N) cm- 1,  which could not be purified for further 
characterisation. 
Subsequent elution with methylene chloride through to 
methanol gave an oil and a gum (total 0.09 g), whose t.l.c. 
in methylene chloride-cyclohexane (1:1) showed them to be 
unresolvable multicomponent mixtures which were not further 
investigated. 
The Attempted Thermal Rearrangement of 2-(3,3-Dimethylbutv-
royl)imidazo[1 , 5-a]pyridine- 3(2H) - thione (58c) 
A solution of 2-(3,3-dimethylbutyroyl)imidazo[1 ,5-a]-
pyridine-3(2H)-thione (58c) (0.97 g, 0.004 mol) in anhydrous 
xylene (20.0 ml) was stirred and heated under reflux for 
26h. 	Evaporation of the solution gave unreacted 2-(3,3- 
dimethylbutyroyl)imidazo[1 ,5-a]pyridine -3 ( 2 H) - thione (58c) 
as a green solid (0.97 g; 100%), xn.p. 140°, identical (m.p. 
and i.r. spectrum) to an authentic sample prepared before. 
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The Attempted Reaction of Imidazo[1,5-ajpyridine-3(2H)-
thione (1) with Chloroacetyl Chloride in the Presence of 
Triethylamine 
A solution of imidazo[ 1 , 5- a]pyridine-3 ( 2 H) - thione (1) 
(0.3 g, 0.002 mol) in anhydrous 1,4-dioxane (10.0 ml) was 
stirred and cooled to 00  (ice-salt bath) then treated with 
triethylamine (0.22 g, 0.0022 mol) followed dropwise with 
a solution of chioroacetyl chloride (0.25 g, 0.0022 mol) in 
anhydrous 1,4-dioxane (5.0 ml.).. 	The mixture was stirred 
at room temperature for th then filtered to remove the 
precipitated triethylamine hydrochloride (0.25 g). 	The 
dioxane mother liquor was evaporated at room temperature to 
yield a green gummy solid which was washed with toluene 
(3x10.0 ml) to leave a gummy solid (0.66 g) whose t.l.c. in 
ethyl acetate over silica showed it to be a multicomponent 
mixture. 	Attempts to resolve the mixture were unsuccessful. 
The Attempted Reaction of Imidazo( 1 , 5-a]pyridine- 3( 2 H) -thione 
(1) with Dichloroacetyl Chloride in the Presence of 
Triethylamine 
A solution of imidazo[ 1 , 5-a]pyridine-3 ( 2 H) - thione (1) 
in anhydrous 1,4-dioxane (10.0 ml) was stirred and cooled 
to 0° (ice-salt bath),then treated with triethylamine (0.22 
g, 0.0022 mol) followed dropwise with a solution of 
dichloroacetyl chloride (0.33 g, 0.0022 mol). in anhydrous 
1,4-dioxane (5.0 ml) and the mixture stirred at room 
temperature for lh. 	The mixture was filtered to remove 
precipitated triethylaxaine hydrochloride (0.26 g) and the 
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dioxane filtrate was evaporated at room temperature to give 
an orange viscous oil. 	This was triturated with ethyl 
acetate-diethyl ether to give a brown-yellow solid (0.51 g), 
m.p. 1500  (decomp.), whose t;1.c. in ethyl acetate over 
silica showed it to be a multicomponent mixture which 
defied purification and was not further investigated. 
The ethyl acetate-ether mother liquor was evaporated 
to leave a brown gum (0.2 g), whose t.l.c. in ethyl acetate 
over silica showed it to be an unresolvable multicomponent 
mixture which was not further investigated. 
2-Acetylimidazoji . 5-a]pyridine -3 ( 2 H) -- thione (58f) 
A solution of imidazo[1,5-a]pyridine-3(2H)-thione (1) 
(0.3 g, 0.002 mol) in anhydrous 1,4-dioxane ((0.0 ml) was 
stirred and cooled to 0° (ice-salt bath) then treated with 
triethylamine (0.22 g, 0.0022 mol) followed dropwise with 
a solution of acetyl chloride (0.17 g, 0.002 mol) in 
anhydrous 1,4-dioxane (5.0 ml). 	The mixture was stirred• 
at room temperature for 1.5h then filtered to remove the 
precipitated triethylamine hydrochloride (0.3 g). 	The 
dioxanc filtrate was evaporated at room temperature to 
leave a green gummy solid (0.5 g) which was washed with 
diethyl ether and combined with a second crop obtained by 
evaporating the ether mother liquor and retriturating the 
residue with diethyl ether-light petroleum to give 2-
acetylimidazo[1 , 5-a]pyridine - 3( 2 H) -thione (58f) (total 
0.32 g; 83%) which formed green-yellow needles, m.p. 118°, 
(from toluene-light petroleum/b.p. 80-100 ° ), \) max1710 (Co) 
and 1650(NH4J).n( h , 6[(CD 3 ) 2 Sol 8.28 (1H,ddd, J56 7.4 
1. 
152 
and Js7\dSBi.2Hzl  H-S), 7.63 (1H, d, J0.9Hz, H-i), 
7.08 (1H,ddd, J7,8 9.3, and J 6 8 	8 1.2Hz 1 H8) , 6.68 
(ill, ddd, J9.3, J 6 	6.2 and J 	1.1Hz, H-7), 6.45 (1H, 7 8 
1 7 5,7 
ddd, J567.S, J6,7 	 6 1 8  
6.2 and J 	1.3Hz, H-6), and 3.18 (3M, 
5, CH). 
Found; C, 56.5; H, 4.2; N, 14.3%; M, 192. 
C 9 H8N 205 requires: C, 56.3; H, 4.2; N, 14.6%; N , 192. 
The Reaction of Imidazot1,5-ajpyridine-3(2H)-thione 	(1 
with Acetic Anhydride 
A solution of imidazo[ 1 , 5-a]pyridine-3 ( 2H) -thione (1) 
(0.6 g, 0.004 mol) in acetic anhydride (10.0 ml) was 
stirred and heated under reflux for lh, then evaporated to 
leave a green gummy solid (0.86 g) which was flash-
chromatographed over silica. 
Elution with ethyl acetate-cyclohexane (1:7.) gave 
2-acetylimidazo[ 1 , 5-a]pyridine -3 ( 2 H) -thione (58f) as a 
yellow solid (0.4 g; 57%), m.p. 1200,  identical (m.p. and 
i.r. spectrum) to an authentic sample prepared before. 
Elution with ethyl acetate-cyclohexane (1:5) through 
to ethyl acetate-cyclohexane (1:1) gave unreacted imidazo-
[ 1, S -a]pyridine - 3(2H) -thione (1) as a gummy yellow solid 
(0.18 g; 30%), identical (i.r. spectrum) to an authentic 
sample prepared before. 
Further elution gave the positional isomer 1-acetyl-
imidazol 1,5-a]pyridine -3 ( 2 H) - thione (60±) (0.08 g; 10%) 
which formed yellow needles, m.p. 236° (from ethanol-
toluene) , v 	3090 (NH) , 1645 (CO) , and 1630(f4H6CN cm-1max 
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t5t (CD 3 ) 2 SO] 8.47 (1H,Jd(!, J 567.2 and J57A581.2Hz, 
H-5), 8.02 (1H,ctdd, J78 9.2 and J 6 8 	458 1.3Hz, 11-8), 
7.43 (111 1 ddd, J789.2, 1 6,7  6.5  and J 5,7  1.1Hz,  H-7), 7.02 
(1H, ddd, J 5 5 7.1, J6 7 6.5 and J6 5 1.3Hz, H-6), and 1.15 
I 	 I 	 , 
(3H, s, CH 3 ). 
Found: C, 56.5; H, 4.1; N, 14.4%; M, 192. 
C 9 H8N2OS requires: C, 56.2; H, 4.2; N, 14.6%; M , 192. 
The Attempted Thermal Rearrangement of 2-Acetylimidazo-
[1 , 5-a]pyridine -3(2H) -thione (58f) 
A solution of 2-acetylimidazot1 ,5-ajpyridine-3(2H)-
thione (58f) (0.39g, 0.002 mci) in anhydrous xylene 
(20.0 ml) was stirred and heated under ref lux in an 
atmosphere of nitrogen for 24h. 	The solution was evapor- 
ated to leave unreacted 2-acetylimidazo[1,5 -a]pyridine-
3(211)-thione (58f) as a green solid (0.4 g; 100%), m.p. 90°, 
identical (i.r. spectrum) to an authentic sample prepared 
before. 
The Attempted Reaction of Imidazo[1,5-a]pyridine-3(2H)-thione 
(1 ) with Phenylmethanesulphony]. Chloride in the Presence of 
Triethylamine 
A solution of imidazo[ 1 , 5-a]pyridine --3 ( 2 H) -thione (1) 
(0.3 g, 0.002 mol) in anhydrous 1,4-dioxane (10.0 ml) was 
stirred and cooled to 0° (ice-salt bath) then treated with 
triethylamine (0.22 g, 0.0022 rnol) followed.dropwise with 
a solution of phenylmethanesulphonyl chloride (0.42 g, 
0.0022 mol) in anhydrous 1,4-dioxane (5.0 ml). 	The mixture 
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was stirred at room temperature for 45 min then, filtered 
to remove the precipitated triethylamine hydrochloride 
(0.22 g). 	The dioxane filtrate was evaporated at room 
temperature to leave a green oil which was 'flash-chrontato-'' 
graphed over silica. 
Elution with ethyl acetate-cyclohexane (1:3) through 
to methanol gave only a series of intractable gums and 
solids (total 0.63 g) from which no identifiable material 
could be obtained and which were not further investigated. 
The Photolytic Rearrangements of 2-Acylimidazo[1,5-aJ-
pyridine-3(2H)-thiones (58) to 1-Acylimidazo[1 ,5-aJ-
pyridine-3(2H)-thiones (60)' 
A solution of the corresponding 2-acylimidazo[1,5-a]-
pyridine-3(2H)-thione (58 ) (0.004 mol) in anhydrous 
benzene (200 ml) was irradiated in a Hanovia medium 
pressure photochemical reactor at 254 nm for 3h. 	The 
mixture was evaporated to leave oils which were worked up 
as described for the individual reactions below. 
(a) The oil from 2-(phenylacetyl)imidazo[1.5-a]-
pyridine-3(2H) -thione (58a) was flash-chromatographed 
over silica. 
Elution with ethyl acetate-cyclohexane (1:5) through 
to ethyl acetate-cyclohexane (1:3) gave a series of Un-
characterised solids and gums (total 0.48 g), whose t.1.c. 
in ethylacetate over silica showed them to be unresolvable 
multicomponent mixtures which were not further 'investigated. 
Elution with ethyl acetate-cyclohexane (1:3) through 
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to (1:1) gave 1-(phenylacetyl)imidazo[1,5-a]pyridine-3(211)-
thione (60a) as a yellow solid (0.4 g; 37%), m.p. 215°, 
identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
Subsequent elution with ethyl acetate-cyclohexane(1:1) 
through to methanol gave a series of intractable gums and 
solids (total 0.32 g.) whose t.l.c. in ethyl acetate over 
silica showed them to be unresolvable multicomponent 
mixtures which were not further investigated. 
(b) The oil from 2-propionylimidazo[1.5 -a]pyridine-
3(2H)-thione (58b) was flash-chromatographed over silica. 
Elution with ethyl acetate-cyclohexane (1:4) gave 
unreacted 2-propionylimidazo(1 , 5-a]pyridine-3  (2H) -thione 
(58b) as a yellow gummy solid (0.03 g; 5%), identical (i.r. 
spectrum) to an authentic sample prepared before. 
Elution with ethyl acetate-cyclohexane (1:3) gave a 
brown oil and a gummy brown solid (total 0.14 g) whose 
t.l.c. in ethyl acetate over silica showed them to be 
unresolvable multicomponent mixtures which were not further 
investigated. 
Further elution with ethyl acetate-cyclohexane (1:3) 
gave 17propionylirnidazo[1 , 5-a]pyridine - 3(2H) -thione (60b) 
as a yellow solid (0.04 g; 10%) which formed yellow-green 
crystals, m.p. 235° (from dirnethylformamide-ethanol), 
Umax 3100-2600 (NH), and 1650 (CO) cm- 1 t 	6[(.CD 3 ) 2 SO] 14.00 
(1H, .brs, NH), 8.45 (1H, d, J 56 7.OHz, 11-5), 8.01 (111, d, 
H- B), 7.43 (1H, rYl,, 	 H-7) , 7.02 (1H,rfl, 
., H-6) , 2.89 (211, q, J7.3Hz, OH 2 ), and 1.09 (311, 
t, J7.2Hz, CR3). 
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Found; C, 57.7; H, 4.9; N, 13.6%; M, 206. 
C 10H 10N 20S requires: C, 58.2; H, 4.9; N, 13.6%; M , 206 
Subsequent elution with ethyl acetate-cyclohexane (1:2) 
through to methanol gave a green solid (0.16 g), whose t.l.c. 
in ethyl acetate over silica showed it to be an unresolvable 
multicomponent mixture which was not further investigated. 
(c) The oil from 2-(3,3-dimethylbutyroyl)imidazo- 
[1 ,5-a]pyridine-3(2H)-thione (58c) was flash-chromatographed 
over silica. 
Elution with methylene chloride-cyclohexane (1:2) 
through to methylene chioride-cyclohexane (1:1) gave un-
reacted 2-(3,3-dimethylbutyroyl)irnidazo[1 ,5-a]pyridine-3(2H)-
thione (58c) as a yellow solid (0.02 g; 2%), m.p. 1510, 
identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
Elution with methylene chloride through to ethyl 
acetate-methylene chloride (1:14) gave an amber oil (0.37 
g), whose i.r. spectrum shows peaks at 3280, 1735, 1650 and 
1630 cm- 1 and whose t.l.c. in ethyl acetate over silica 
showed it to be a multic.omponent mixture which was not 
further investigated. 
Elution with ethyl acetate-methylene chloride (1:4) 
gave 1-(3,3-dimethylbutyroyl)imj.dazo[1 ,5-ajpyridine-3(2H)-
thione (60c) as a yellow solid (0.09 g; 9%), which formed 
yellow needles, m.p. 212 0 (from ethanol), v max  3100 (NH), 
1660 (Ca), and 1630(WhbeAcm 1 , 6 [ (CD 3 ) 2 SO] 13.98 (1H, brs, 
NH) , 8,46 (1H,JL 1
5,6  7.2  and J 5 7aA5 81 .1Hz, H-5) 
8.09 (1H,dJ, J 7 9.2 and J6 8d58 1 . 2Hz ,  H- B), 7.43 
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(111, ddd, J78 9.2, J6 7 6.6 and J 5 7 1.1Hz, 11-7), 7.03 (111, 
ddd, J 67.2 1676.6, andJ68 l.2Hz, H-6), 2.75 (2H, 5, 
CU 2 ), and 1.01 (911, s, CH 3 ). 
Found: C, 62.9; H, 6.3; N, 11.4%; M, 248. 
C 13 H 16 N20S requires: C, 62.9; 11, 6.5; N, 11.3%; M , 248. 
Subsequent elution with ethyl acetate gave a brown 
gum (0.57 g) whose t.l.c. in ethyl acetate-methylene 
chloride (1:1) showed it to be an unresolvable multicom-
ponent mixture which was not further investigated. 
The Photolysis of 2-(Phenylacetyl)imidazotl ,5 -alpyridine-
3(2H)-thione (58a) in the Presence of Cyclopentadiene 
A solution of 2-(phenylacetyl)imidazo[.1 , 5-a]pyridine-
3(2H)-thione (58a) (0.54 g, 0.002 mol) and cyclopentadiené 
(0.26 g, 0.004 mol) in anhydrous benzene (200 ml) was 
irradiated at room temperature under nitrogen in a Hanovia 
medium pressure photochemical reactor at 254 mu for lh. 
The solution was evaporated at room temperature to leave 
a brown gum (0.63 g) which was flash-chromatographed over 
silica. 
Elution with methylene chloride-cyclohexane (1:5) 
through to methylene chloride-cyclohexane (1:3) gave only 
negligible amounts of gums. 
Elution with methylene chloride-cyclohexane (1:2) and 
(1:1) gave an orange gum (0.21 g), whose t.l.c. in ethyl 
acetate-methylene chloride (1:1) over silica showed it to 
be an unresolvable multicomponent mixture which was not 
further investigated. 
IN 
Elution with ethyl acetate-methylene chloride (1:4) 
gave imidazo[1,5-a]pyridirte-3(2H)-thione 
(I)  as a brown 
solid (0.11 g; 37%), m.p. 150°, identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
Elution with ethyl acetate-methylene chloride (1:2) 
through to methanol gave a series of intractable green-
black gums (total 0.16 g) which were not further investi-
gated. 
2 -Benzoylimidazo[1:,5 -a]pyridine - 3( 2H) - thione (70a) 
A solution of imidazo[1,5-apyridine-3(2H)-thione (1) 
(0.75 g, 0.005 md) in anhydrous 1,4-dioxane (25.0 ml) was 
stirred and cooled to 0 0 (ice-salt bath) then treated 
with triethytamine (0.83 g, 0.0083 mol) followed dropwise 
with a solution of benzoyl chloride (1.2 g, 0.0083 mol) in 
1,4-dioxane (15.0 ml) and the mixture was stirred at room 
temperature for 17h. The mixture was filtered to remove 
the precipitated triethylamine hydrochloride (0.86 g), and 
the dioxane mother liquor was evaporated at room tempera-
ture to yield a gummy solid which was triturated with 
diethyl ether to afford 2 -benzoylimidazo[1,5 -aipyridine -3 ( 2 H) -
thione (70a) as an unstable green solid (0.91 g; 72%), m.p. 
82°, v max  1690 (CO) and 
1630(M8k%  cm- 1 ,6 (CDCl) 8.09- 
7.92 (3H, m, H-S an d ArH), 7.72-7.38 (SH, m, ArH, H-i 
and H-8) , 6.90 (1H, ddd, J789.6, cr6,7  6.3 and J57 1.2Hz, 
H-7) , and 6.70 (1H, ddd, J5,6 7.9,  J617 6.5 and J68 1.4Hz, 
H-6). 
Found: M, 254 
C14B1bN2aS requires: M , 254 
159 
The ether mother liquor was evaporated and flash-
chromatographed over silica. 
Elution with methylene chloride through to methanol 
gave •intractable gums and oils (total 0.44 g), whose t.l.c. 
in methylene chloride over silica showed them to be multi-
component mixtures which were not further investigated. 
2-(2-Nitrobenzoyl)imidazo[1 ,5-ajpyridine--3(211)-thione (70b) 
A solution of imidazo[ 1 , 5-a]pyridine -3 ( 2 H) -thione (1) 
(6.0 g, 0.04 mol) in anhydrous 1,4-dioxane (200 ml) was 
stirred and cooled to 00  (ice-salt bath) then treated with 
triethylamine (4.4 g, 0.044 mol) followed dropwise with a 
solution of 2-nitrobenzoyl chloride (8.2 g, 0.044 mol) in 
anhydrous 1,4-dioxane (50.0 ml). 	The mixture was stirred 
at room temperature for ih then filtered to remove the 
precipitated triethylamine hydrochloride. 	The dioxane 
mother liquor was evaporated at room temperature to leave 
a dark brown gummy solid which was flash-chromatographed 
over silica. 
Elution with methylene chloride afforded 2-(2-nitro-
benzoyl)imidazo[1 , 5-a]pyridine --3 ( 2 H) - thione (70b) as a red--
brown solid (10..3 gt 100%) , which formed large red crystals, 
m.p. 154 0 (from toluene)v 	1715 (CO), 1650(MlbCAc)andmax 
1.525 (N=O) cm- 1, 5 (ODd 3 ) 8.31 (1H, m, ArH) , 8.04 (1H,ddd, 
J56 7.5 1 and J57a4às8llHZ1 H-S), 7.83-7.32 (3H, m, 
ArH) , 7.75 (lii, 5, H-i), 7.08 (iH4dd, J789.4, and 6,8 	51 Ir 
1.3Hz, H-B), 6.70 (IH, ddd, J 
7,8 	6, 
9.4, J 7 6.4 ? and J5 7 1.1Hz, 
H-7) , and 6.36 (Ui, ddd, J 	7.5, J 6,7  6.2, and J6,8  1.3Hz, 5,6 
11-6). 
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Found: C, 56.4; H, 3.2; N, 13.9%; M, 299 
C 14 H 9N 3 0 3 5 requires: C, 56.2; H, 3.0; N, 14.0%; M , 299 
The Attempted Thermal Rearrangement of 2-(2-Nitrobenzoyl)-
imidazo[.1 .5-a]pyridine-3(2H)-thione (70b) 
2-(2-Nitrobenzoyl)imidazot1 , 5-a]pyridine -3 ( 2H) -thione 
(70b) (0.25 g, 0.0009 mol). was heated under reduced 
pressure in a kugelrohr apparatus at 100°/0.2mmHg. 	No 
material distilled and the black residue (0.23 g) was shown 
by t.l.c. in methylene chloride over silica to be an un-
resolvable multicomponent mixture which was not further 
investigated. 
The Attempted Photolytic Rearrangement of 2-(2-Nitrobenzoyl)-
imidazo[ 1 , 5-a]pyridine- 3(2H) - thione (70b) 
A mixture of 2-(2-nitrobenzoyl)imidazo[1 ,5-a]pyridine-
3(2H)-thione (70b) (1.0 g, 0.0033 mol) in anhydrous benzene 
(200 ml) was irradiated at room temperature under nitrogen 
in a Hanovia medium pressure photochemical reactor at 254 
nm for 4h. 	The mixture was filtered to remove some 
insoluble material and the filtrate was evaporated to leave 
a red gum (0.95 g) whose t.l.c. in methylene chloride over 
silica showed it to be an unresolvable multicomponent 
mixture which was not further investigated. 
The Attempted Reduction of .2-(2-Nitrobenzoyl)imidazo(1.5-a]-
pyridine-3 (2H) -thione (70b) 
(a) A. solution of 2-(2-nitrobenzoyl)imidazo[1,5-a- 
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pyridine-3(2H)-thione (70b) (0.5 g, 0.017 mol) in 70% v/v 
aqueous ethanol (20.0 ml) was treated with sodium dithionite 
(0.5 g) . and the mixture was stirred and heated under reflux 
for 30 mm. 	A further quantity of sodium dithionate (0.5 
g) was added to the mixture and heating under reflux was 
continued for a further 30 mm. 	The mixture was filtered 
to remove inorganic material and the filtrate was concen-
trated to approximately one quarter of the original volume, 
diluted with water (10.0 ml) and extracted with methylene 
chloride (4x20.0 ml) to yield a green gummy solid (0.24 g). 
The solid was triturated with diethyl ether to give imidazo-
[ 1 , 5-a]pyridine - 3( 2H) -thione (1) as a green solid (0.11 g; 
43%), m.p. 130°, identical (i.r. spectrum) to an authentic 
sample prepared before. 
The ether mother liquor was evaporated to leave a 
yellow gum (0.13 g) whose t.l.c. in ethyl acetate over 
silica showed it to be an unresolvable multicomponent mixture 
which was not further investigated. 
(b) A solution of 2-(2-nitrobenzoyl)imidazo[1 ,S-a]-
pyridine-3(2H)-thione(70b.) (0.5 g, 0.0017 mol) in glacial 
acetic acid (15.0 ml) was treated with sodium dithionite 
(0.5 g) and the mixture was stirred and heated under ref lux 
for 30 mm. 	A further quantity of sodium dithionite (0.5 
g) was added and the mixture was heated under reflux for a 
further 30 mm. 	The mixture was evaporated and the 
residue was treated with water (10.0 ml) to give a solid 
(0.15 g), whose t.l.c. in methylene chloride over silica 
showed it to be an unresolvable multicomponent mixture which 
was not further investigated. 
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Extraction of the aqueous mother liquor with methylene 
chloride (5x20.0 ml) gave no organic material. 
A suspension of 2-(2-nitrobenzoyl)imidazo[1,3--a]--
pyridine-3(2H)-thione (70b) (0.5 g, 0.0017 mol) in glacial 
acetic acid (15.0 ml) was treatedwtkLportions ap iron 
filings (0.56 g, 0.01 g atm) over a period of 30 min and 
the mixture was then stirred at room temperature for 72h 
The mixture was filtered to remove inorganic material and the 
filtrate was evaporated to leave a green-black gum which 
was treated with water and filtered to yield a dark solid 
(0.33 g), m.p. >350°, which, left a residue on burning 
and was not further investigated. 
Extraction of the aqueous mother liquor with methylene 
chloride (3x20.0 ml) gave no organic material. 
A solution of 2-(2-nitrobenzoyl)imidazo[1,5-a]-
pyridine-3(2H)-thione (70b) (0.5 g, 0.0017 mol) and 
triethyl phosphite (0.67 g, 0.004 mol) in anhydrous toluene 
(25.0 ml) was heated under ref lux for 17h. 	The mixture 
was evaporated to leave a viscous oil which was treated 
with water (20.0 ml) and extracted with methylene chloride 
(3x20.0 ml) to yield a brown mobile oil (0.8 g) whose t.l.c. 
in methylene-chloride over silica showed it to be an 
unresolvable multicomponent mixture which was not further 
investigated. 
The Attempted Reaction of Imidazo[ 1 , 5-a]pyridmne-3 ( 2 H) -
thione (1) with Toluene-4-sulphonyl Chloride in the Presence 
of Triethylammne 
A solution of imidazo[1,5-a]pyridine-3(2H)-thione (1) 
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(0.3 g, 0.002 mol) in anhydrous 1,4-dioxane (10.0 ml) was 
stirred and cooled to 00  (ice-salt bath) then treated with 
triethylamine (0.22 g, 0.0022 md) followed dropwise with 
a cooled solution of toluene-4-sulphonyl chloride (0.42 g, 
0.0022 mol) in anhydrous 1,4-dioxane (5.0 ml) and the 
mixture was stirred at room temperature for 1.5h. 	The 
mixture was filtered to remove the precipitated triethyl- 
amine hydrochloride and the dioxane filtrate was evaporated 
at room temperature to leave a green gum (0.42 g) which was 
flash-chromatographed over silica. 
Elution with ethyl acetate-cyclohexane (1:5) gave 
toluene-4-sulphonyl chloride as acolourless solid (0.12 g), 
m.p. 68°, identical (m.p. and i.r. spectrum) to an authentic 
sample. 
Subsequent elution with ethyl acetate through to 
ethanol gave only small amounts of intractable gums and 
solids which were not further investigated. 
The Attempted Reaction of Imidazo[1 ,5-a)pyridine-3 (2H) - 
thione (1) with Malonyl Chloride 
A solution of imidazo[1,5-a)pyridine-3(2H)-thione (1) 
(0.3 g, 0.002 mol) in anhydrous 1,4-dioxane (10.0 ml) was 
stirred and cooled to 0 0 (ice-salt bath) then treated with 
triethylamine (0.44 g, 0.0044 mol) followed dropwise with 
a solution of malonyl chloride (0.31 g, 0.0022 mol) in 
anhydrous 1,4-dioxane (3.0 ml). 	The mixture was stirred 
at room temperature for lh then filtered to remove the 
precipitated triethylamine hydrochloride and the filtrate 
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was evaporated to give a red gum (0.33 g) which was f lash-
chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:4) 
gave unreacted imidazo[1 ,S-ajpyridine-3(2H)-thione (1) 
(0.12 g; 40%), m.p. 1500,  identical (m..p.-and i.r. spectrum) 
to an authentic sample prepared before. 
Further elution with ethyl acetate-methylene chloride 
(1:1) then with methanol-ethyl acetate (1:4) gave a semi-
solid (0.18 g) whose t.l.c. in ethyl acetate over silica 
showed it to be an unresolvable multicomponent mixture which 
was not further investigated. 
3, 4-Dihydro-1-hydroxy-6H-pyrido[1 ,2-a] imidazo[1 ,5-ajpyridin-
4-one-6-thjone (78) 
A solution of imidazo[ 1 , 5-a]pyridine-3 ( 2 H) -thione (1) 
(0.6 g, 0.004 mol) in anhydrous 1,4-dioxane (20.0 ml) was 
stirred and cooled to 0° (ice-salt bath) then treated with 
triethylamine (0.88 g, 0.0088 inol) followed dropwise with 
a solution of succinyl chloride (0.68 g, 0.0044 mol) in 
anhydrous 1,4-dioxane (6.0 ml). 	The mixture was stirred 
at room temperature for lh then filtered to yield a green 
solid (2.1 g). 	This was washed with water and combined 
with a second crop obtained by evaporating the dioxane 
mother liquor to give 3,4-dihydro-1-hydroxy-6H-pyrido- 
[1 ,2-a]imidazo[1,5-a]pyridin-4-one-6-thione (78) (total 
0.95 g: 99%), which was purified by crystallisation, m.p. 
218° (decomp.) (from dimethylformamide), v 
max  3180 (OH), 
1715 (CO) and 1650 (C=C) cm- 1, 	[(CD 3 ) 2 SO] 8.06 (Ui, d, 
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J 8,9 6.9Hz, 11-8), 7.34 (1H, d, J 10,11 
 9.3Hz, H-il), 7.31 (in, 
S, PtrH;), 6.76 (1H, dd, J10,11  9.0 and J9,10  6.OHz,  H-iO), 6.62 
(1H, dd, J 8 	and J9,10  6,6Hz,  H-9), and 2.90 (2H, 5, H-3). 
Found: C, 56.4; H, 3.70;. N, 14.2%; M, 232.0308 
C 11 H8N 20 2 S requires: C, 56.9;H, 3.50; N, 12.01%; M, 232.0307 
5,1 3-Dihydro-7H-imidazo[1., 5-a]pyridino[Z, 1.-blisoquinoline--
5,13-dione-7-thione (83) 
A solution of imidazo[ 1 , 5-a]pyridine -3 ( 2 H) - thione (1) 
(0.3 g, 0.002 mol) in anhydrous 1,4-dioxane (10.0 ml) was 
stirred and cooled.to 0 ° (ice-salt bath) then treated with 
triethylamine (0.44 g, 0.0044 mol) followed dropwise with 
a solution of phthalyl chloride (0.42 g, 0.0022 mol) in 
anhydrous 1,4-dioxane (5.0 ml), and the solution was stirred 
at room temperature for 45 mm. 	The mixture was filtered 
and the purple solid was washed with water and combined with 
further material obtained by evaporating the dioxane mother 
liquor and triturating the residue with ethyl acetate-
diethyl ether to give 5,13 -dihydro-7H- imidazo[i,5 -a]pyridino-
[2j-bjisoquinoline-5,13-dione-7-thione (83) (total 0.55 g; 
98%) which was purified by crystallisation to give dark red 
needles, m.p. 294° (from dimethylformamide), Umax  1710 and 
1645 (CO) cm 1 , 6[(CD 3 ) 2 SO] 8.70 (1H,Jda, J9107.2 and 
i1
9Ill .J9 
721.OHz, 11-9), 8.42 (111, m, ArH) , 8.26-8.20 (1H, 
m, ArH) , 8.22 (1H,cIdd, J 1 	9.2, and J  
1 3q.,t41 
4 1.2HZ, H-i), 
8.00-7.94 (211, m, H-lU and H-li), 7.74 (111, ddd, J 12 9.2, 
J236.6 and J2,4  1.OHz,  11-2), and 7.19 (1H, ddd, J 34 7.4, 
12,3 6.6,  and J 1,3  1.2Hz, 11-3). 
166 
Found: C, 64.4; H, 2.9; N, 10.1%; M, 280 
C 15 H8N20 2 5 requires: C, 64.3; H, 2.9; N, 10.0%; M , 280 
1-(2-Carboxybenzoyl)imidazo[1 ,5-ajpyridine-3(2H)-thione (84) 
(a) 5,13-Dihydro--7H-imidazo[1 ,5-ajpyridino [a, I -b] -
isoquinoline-5,13-dione-7-thione (83) (0.56 g, 0.002 mol) 
was heated with 2M aqueous sodium hydroxide solution (10.0 
ml) at 100° (boiling water bath) for 10 mm. 	The mixture 
was acidified with concentrated hydrochloric acid and the 
precipitated yellow solid was collected to give 1-(2-
carboxybenzoyl)imidazo[1 , 5-a]pyridine-3 ( 2 H) -thione (84) 
(0.59 g, 100%) which formed yellow crystals, m.p. 289° 
(from glacial acetic acid), umax  3170 br (OH), 3100-2600 
(NH), 1710 and 1640 (CO) czn, 6[(CD 3 ) 2 Sol 14.06 (1H, brs, 
NH), 8.42 (1H,Jxd, J56 7.0Hz,'H-5), 8.06-7.39 (4H, in, ArH), 
7.18 (1H, ddd, J788.8, 1 6,7  6.6,  and cc5,7 1.2Hz,  H7), 6.91 
(1H, ddd, J56 7.0, 	 and cc68 1.2Hz, H-6), and 6.486,7 
(1H, d, J78 9.lHz, H-8). 
Found: C, 59.9; H, 3.4; N, 9.2%; M, 298 
C 15 H 10N 2 0 3 S requires: C, 60.4; H, 3.4; N, 9.4%; M •, 298 
• 	(b) 5,13-Dihydro-7H-mmidazo[1 , 5-a]pyridino[a,i -bJ - 
isoquinoline-5,13-dione-7-thione (83) (0.56 g, 0.002 mol) 
was heated under ref lux with 20% w/v aqueous sodium 
hydroxide solution (10.0 ml) for lh. 	The mixture was 
cooled and acidified with concentrated hydrochloric acid 
to precipitate a yellow solid (0.92 g), which was stirred 
with 2M aqueous hydrochloric acid at room temperature for 
30 min then warmed to give 1-(2-carboxybenzoyl)imidazo-
[ 1,5-a]pyridine- 3(2H) -thione (84) as a yellow solid (0.53 
167 
g; 97%), m.p; 280°, identical (m.p. and i.r. spectrum) to 
an authentic sample prepared in (a) before. 
(c) 5,13-Dihydro--7H-imidazo[1 , 5-a]pyridi.no[Z, L-b]-
isoquinol•ine-5,13-dione-7-thione (83) (0.56 g, 0.002 mol 
was treated with a solution of sodium (0.1.8 g, 0.008 mol) 
in absolute ethanol (10.0 ml) and the mixture was stirred 
and heated under reflux for 1•h. 	The solution was evaporated 
and the residue was treated with water (10.0 ml) and the 
aqueous solution acidified with concentrated hydrochloric 
acid to give a solid which was combined with further 
material obtained by extracting the aqueous acidic mother 
liquor with methylene chloride (6x10.0 ml). to afford 1-
(2-carboxybenzoyl)imidazo[1 ,5-a]pyridine-3(211)-thione (84) 
(0.64 g; 1QO%), m.p. 283°, identical (m.p. and i.r. spectrum) 
to an authentic sample prepared in (a) before. 
The Thermal Cyclisation of 1-(2-Carboxybenzoyl).imidazo-
[1 ,5-1pyridine-3(2H)--thione (84) to 5,13-Dihydro--7fl-
imidazo[1,5-a]pvridino[).,.L-b]isoquinoline-5,13-dione-7-
thione (83) 
1- (2-Carboxyhenzoyl) imidazo [1 ,5-a] pyridine-3 (2W - 
thione (84) (0.3 g, 0.001 mol) was heated, under reduced 
pressure, in a 'cold-finger' sublimation apparatus at 240 0 / 
O.OSSmmHg (Wood's metal bath),. 	5,13-Dihydro-7H-imidazo- 
[ 1 ,5 -a]pyridino[1,2 -b]jsoqujnoline-5,13-dione-7-thione (83) 
sublimed as a purple solid (0.26 g; 85%), m.p. 287°(decomp.) 
identical (m.p. and i.r. spectrum) to an authentic sample. 
1-[Phthalazin-4(3H) -on- 1 -yliimidazo[1 ,S -a]pyridirie -3 ( 2 H) --
thione (88) 
A solution of 5,13-dihydro--7H-imidazo[1 , 5-aJpyridino 
[i,:_b]jsoquinoljfle..5,13...djofle...7...thione (83) (0.56 g, 
0.002 mol). in dimethylformamide (100 ml) was treated with 
100% hydrazine monohydrate (0.11 g, 0.002 mol) and the 
solution was stirred at room temperature for 72h. 	The 
solution was filtered to give a brick-red solid (0.22 g; 
37%), m.p. 302° (decomp.) which was sparingly soluble in 
boiling dimethylsulphoxide and was purified by washing with 
boiling diniethyl sulphoxide to afford 1-[phthalazin-4(3H)-
on-1-yl]imidazo[1 , 5-a]pyridine -3( 2 H) -thione (88) as red-
brown crystals, m.p. 313° (decomp.), Vmax  3150-2500 (NH), 
and 1655 br (Ca) cm, 6[(CD 3 ) 2 SO] 8.73 (1H,brd, J56 7.8Hz, 
H-S), 8.22(3H, m, Am), 7.80-7.62 (3H, m, ArH), 7.24 (1H, 
H-7) and 6.96 (1H,  
Found: C, 60.6; H, 3.1; N, 18.9%; M, 294. 
C 15H 10N4 0S requires: C, 60.9; H, 3.4; N, 19.0%; M , 294. 
The dimethylformamide mother liquor was evaporated 
to leave a semi-solid which was washed with ethanol to give 
unreacted 5,13-dihydro-7H-imidazo[1 , 5-a]pyridino[)., f-b]-
isoquinoline-5,13-dione-7-thione (83) as a purple solid 
(0.1 g; 18%), m.p. 241°, identical (xn.p. and i.r. spectrum) 
to an authentic sample prepared before. 
The ethanol mother liquor was evaporated to leave a 
purple gum (0.08 g) which was not further investigated. 
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The Attempted Reaction of Imidazo[ 1 , 5-a]pyridine -3 ( 2 H) -
thione (1) with Maleic Anhydride 
A solution of imidazo[ 1 , 5- a]pyridine -3 ( 2 H) -thiona 
(1) in anhydrous benzene (50.0 ml) was treated with a solu-
tion of maleic anhydride (0.2 g, 0.002 mol) in anhydrous 
benzene (50.0 ml) and the mixture was stirred at room 
temperature for 19h, after which time t.l.c. in ethyl 
acetate over silica showed no apparent reaction. 	The 
mixture was then heated at 50° for 3h when again t.1.c. in 
ethyl acetate over silica showed no apparent reaction. 
Finally the mixture was heated under ref lux for 16h then 
evaporated to leave a black solid (0.52 g) which was f lash-
chromatographed over silica. 
Elution with ethyl acetate-cyclohexane (1:3) gave 
unreacted ilnidazo[ 1,5-a]pyridine-3 ( 2 H) -thione (1) as a brown 
solid (0.08 g; 27%), m.p. 155°, identical (m.p. and i.r. 
spectrum) to an authentic sample. 
Elution with ethyl acetate-cyclohexane (1:2) through 
to (1:1) gave only a small amountof intractable green gum 
(0.04 g). 
Elution with ethyl acetate gave a green solid (0.3 g), 
m.p. .130°, whose t.l.c. in ethanol over silica showed it to 
be a multicomponent mixture which was not further investi-
gated. 
Subsequent elution with methanol gave only a small 
amount of intractable green solid (0.05 g)., m.p. 350°, which 
was not further investigated. 
A solution of imidazo{1,5-a)pyridine-3(.2H)-thione 
(1) (0.3 g, 0.002 mol) and maleic anhydride (0.20 g, 0.002. 
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mci) in anhydrous xylene (20.0 ml) was stirred and heated 
under ref lux for 2h. 	Evaporation of the mixture gave an 
intractable black solid (0.49 g), whose t.l.c. in ethyl 
acetate over silica showed it to be a multicomponent mixture 
The solid was extracted with boiling ethyl acetate to leave 
undissolved an intractable black solid (0.35 g), m.p. >350°, 
which was not further investigated. 
The ethyl acetate mother liquor was evaporated to 
leave a gummy solid (0.13 g) whose t.l.c. in ethyl acetate 
over silica showed it to be an unresolvable multicomponent 
mixture containing unreacted imidazo[1 ,S-ajpyridine-3 (2H) - 
thione ( I  ). 	The mixture was not further investigated. 
The Attempted Reaction of Imidazo[1,5-a]pyridine-3(2H)-
thione (1) with Isatoic Anhydride (89) 
A mixture of imidazo[ 1 , 5-a]pyridine -3 ( 211 ) - thione (0.6 g, 
0.904 mol) and isatoic anhydride (99) (0.65 g, 0.004 mci) 
in anhydrous toluene (40.0 ml) was stirred and heated under 
reflux for 8h. 	The mixture was evaporated to leave a 
brown solid (1.2 g) whose t.l.c. in ethyl acetate over 
silica showed it to be a mixture containing unreacted 
imidazo[ 1,5-a]pyridine -3(2H) -thione (1) and isatoic anhydride 
(89). 	The solid was flash-chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:5) 
gave a solid (0.71 g) whose i.r. spectrum and t.l.c. in 
ethyl acetate over silica showed it to be a mixture of un-
reacted imidazo[ 1,5-a]pyridine -3 ( 2 H) - thjcne (1) and isatoic 
anhydride. 
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Elution with ethyl acetate gave unreacted isatoic 
anhydride as a brown solid (0.23 g), m.p. 195 ° (decomp.), 
identical (m.p. and i.r. spectrum) to an authentic sample. 
2,2 -Di - [imidazo[1 ,5 -a]pvridine - 3(2H) -thion- 1 - y1]propane 
() 
A solution of imidazo[1,5-ajpyridine-3(2H)-thione (1) 
(0.3 g, 0.002 mol) and toluene-4-.sulphonic acid (0.005 g) 
in acetone (10.0 ml) and absolute ethanol (10.0 ml) was 
stirred and heated under reflux in an atmosphere of 
nitrogen for 24h. 	The mixture was filtered and the solid 
was combined with a second crop obtained by evaporating the 
acetone-ethanol filtrate to afford 2,2-di-{imidazo[1,5-a]-
pyridine-3(2H)-thion-1-yl]propane (101) (0.27 g; 79%), which 
formed yellow needles, m.p. 217 ° (from dimethylformamide- 
water), Umax 3100-2500 (NH) and 1640&Jabeti4cm_1, 6[(CD 3 ) 2 Sol 
13.21 (2H, brs, NH-2 and NH-2') , 8.09 (2E,b't, 1 56 6.9Hz, 
H-S and H-S'), 6.83 (2H,'d, 178 9.2Hz, H--8 and H-8T), 6.66 
(2H,m, H-7 and H-7'), 6.57 (2H, M, R-6 and H-6'), and 
1.88 (6H, s, CH 3 ). 
Found: C, 59.6; H, 4.7; N, 16.5%;(M-3) 309 
C 17H 16N4 S 2 requires: C, 59.9; H, 4.7; N, 16.5%; M , 340 
The Attempted Reaction of Imidazo[1,5-a}pyridine-3(2H)-
thione (1) with stho-Phthalaldehyde in the Presence of 
Toluene-4-sul2honic Acid 
A solution of imidazo[ 1,5-a]pyridi.ne -3 ( 2 H) - thione (1) 
(0.3 g,0.002 mol), ortho-phthalaldehyde (0.27 g, 0.002 
raol) and toluene-4-sulphonic acid (0.01 g) in anhydrous 
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toluene (10.0 ml) was stirred and heated under ref lux in 
an atmosphere of nitrogen for 2h. 	The mixture was 
evaporated to leave a black solid (0.66 g) , whose t.l.c. in 
ethyl acetate over silica showed it to be a multicomponent 
mixture. 	The solid was flash-chromatographed over silica. 
Elution with methylene chloride gave unreacted ortho-
phthalaldehyde as a purple solid (0.1 g; 37%),.m.p. 550, 
identical(m.p. and i.r. spectrum) to an authentic sample. 
Elution with methanol gave a green solid (0.27 g), 
whose t.l.c. in ethyl acetate over silica showed it to be 
a multicomponent mixture. 	The green solid was in turn 
flash-chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:8) 
gave a green solid (0.2 g)., whose t.l.c. in ethyl acetate 
over silica showed it to be an unresolvable multicomponent 
mixture which was not further investigated. 
1 - [Imidazo[1 ,5-ajpyridine-3 (2H)-thion-1-yljimidazo[1 ,5-a]-
pyridine-3(2H)-thione (104) 
A solution of imidazo[ 1 , 5-a]pyridine-3 ( 2 H) - thione (1) 
(0.3 g, 0.002 mol) in 98-100% formic acid (5.0 ml) was 
stirred at room temperature for 18h. 	The mixture was 
filtered to give 1-[imidazo[1 , 5 '-a]pyridine -3( 2 H) - thion- 1 -ylj --
imidazo[1,5-a]pyridine-3(2H)-thione (104) as a yellow solid 
(.0.1 g; 33%) which formed brown crystals, m.p. 222° (decomp.) 
(from dimethylformamide-water), umax 3160-2500 (NH) , and 
1 640t$a\à) cm- 
1  , 	[(CD3 ) 2  SO] 13.76 (2H, brs NH-2 and NH-2') 
8.18 (2H)Drd, J56 7.3Hz, 1175 and H5'), 7.26 (2H,b, 1 78 9.3Hz, 
H-B and H-8 1 ), 6.91 (211, dd, J78 9.1, and J7,6  6.4Hz,  H-7 and 
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H-V), and 6.76 (2H,rn,H- ) 
Found: M, 298 
C 14H 10N4 S requires: N , 298 
The formic acid mother liquor was evapptated to leave 
a green gum (0.33-g) which was flash-chromatographed over 
silica. 
Elution with ethyl acetate gave the unreacted imidazo-
pyridinethione (1) as a red-brown solid (0.19 g; 63%), m.o. 
155°, identical (m.p.. and i.r. spectrum) to an authentic 
sample. 
2 - [Imidazo[1 ,5 -a]pyridine-3 ( 2 H) - thion-2-ylj -2-phenyl-
ethanol (112) 
A solution of imidazo[1,5-a]pyridine-3(2H)-thione (1) 
(0.6 g, 0.004 mol), phenyloxirane (0.96 g, 0.008 mol) and 
toluene-4-sulphonic acid (0.01 g) in anhydrous 1,2-
dimethoxyethane (20.0 ml) was stirred and heated under 
ref lux in an atmosphere of nitrogen for 90 mm: The 
mixture was evaporated to leave a green-yellow oil from 
which the excess of phenyloxirane was removed by high 
vacuum distillation to leave a gummy solid (1.2 g). This 
was washed with toluene-light petroleum to give 
2-[imidazo[1 ,5-ajpyridine-3(2H)-thion-2-yl] - 2 -phenyl -
ethanol (112) as a green solid (0.8 g; 74%) which formed 
yellow crystals, m.p. 127° (from ethanol-toluene-light 
petroleum), Vmax  3120 br (OH) and 1630(HbA cm 1 1  
äH (CDC1 3 ) 7.83 (1H,6', J567.0 and J57s8 1 . 1 Hz1 
H-5) , 7.50 (1H, d, J0.9Hz, H-i), 7.38 (1H,ddd, J 78 8.9, 
67a, 	
68 1.1Hz, H-B), 7.14 (SH, in, ArE), 6.71 (1H,ddd, 
174 
J 718 8.9,1 6 7
6.4 and J5 7 1.2Hz, H-7), 6.44 (1H, ddd, 
, 	 $ 
j 5,6 7.1, J6,7 
6.4, and 	81.3Hz, H-6), and 4.36-3.93 (3H, 
 
m, CH  and CH), S, (CDC1 3 ) 138.8 (quat.), 132.8 (quatj, 
128.6 (2xArCH) , 127.8 (ArCH) , 127.4 (2xArCH) , 122.4 (ArCH), 
121.3 (ArCH), 119.8 (ArCH), 118.0 (ArCH), 112.9 (ArCH), 
65.5 (2H, C -OH2 ), and 56.4 (1H, N-CH). 
Found: C, 66.5; H, 5.1; N, 10.3%; M, 270 
C 15H 14N 2 0S requires; C, 66.6; H, 5.2; N, 10.4%; M , 270 
The Reaction of 2[Imidazo[1 ; 5-a]pyridine -3 ( 2fl) - thion-2-yl] -
2-phenylethanol (112) with Ethanolic Sodium Ethoxide 
A solution of 2 - [imidazo[1 , 5-a]pyridine-3 ( 2 H) - thion-
2-yl] -2-phenylethanol (112) (0.54 g, 0.002 mol) in absolute 
ethanol (5.0 ml) was treated with a solution of sodium 
(0.18 g, 0.008 g.atom) in absolute ethanol (5.0 ml), and 
the mixture was stirred and heated under reflux for 24h. 
The mixture was evaporated and the residue was treated with 
water (10.0 ml) and the resulting aqueous solution was 
extracted with methylene chloride (4x10.0 ml) to give an 
amber oil which was treated with diethyl ether-light 
petroleum and filtered to remove a small amount of un-
identified yellow solid. 	The ether-light petroleum mother 
liquor was evaporated to give an intractable yellow gum 
which was not further investigated. 
The basic aqueous mother liquor was acidified with 2M 
aqueous hydrochloric acid and extracted with methylene 
chloride (3x10.0 ml) to give imidazo{ 1 , 5-a]pyridine-3 ( 2 H) -
thione (1) as a green-yellow solid (0.24 g; 80%), M.P. 
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148°, identical (m.p. and i.r. spectrum) to an authentic 
sample prepared before. 
2-(Imidazo[1 ,5 -a}pyridine-3(2H) -thion -- 2 -yl] - 2 -phenylethyl 
N-Phenylcarbamate (114) 
A solution of 2-[imidazo[1 , 5-a]pyridine-3 ( 2 H) -- thion-
2-ylj-2-phenylethanol (112) (0.27 g, 0.001 niol) in anhydrous 
toluene (22.0 mol) was treated with a solution of phenyl 
isocyanate (0.13 g, 0.001 mol) in anhydrous toluene (2.0 
ml) , and the mixture was stirred at room temperature for 
24h. 	The mixture was filtered and the solid was combined 
with a second crop obtained by evaporating the toluene 
mother liquor and triturating the residue with toluene to 
afford 2-[iinidazo[1 ,5-a]pyridine-3.(2H)-thion-2-yl}-2-phenyl- 
ethyl N-phenylcarbamate (114) (0.32 g; 83%), which formed 
colourless needles, m.p. 170° (from toluene), v max  3220 br 
(NH), 1730 (CO) and 1620(Nh 	)cm_1 . 6[(CD 3 ) 2 SO] 9.55 (1H, 
brs, NH), 8.00 (lHddd, J 56 6.9, and Js7a,dsgl.1Hzi  H-S), 
7.57 (1H, d, J0.9Hz, H-i), 7.57 (1H,(jd4, J 788.7, and 
,ck 8 	
6,8 1.4Hz,  H-8)., 7.47-6.98 (10H, ni, ArH), 6.85 (1H, 
ddd, 17,
8 8.9 ,  J6,7  6.4,  and J5,7  1.3Hz,  H-7), 6.62 (iii, ddd, 
156 6.5, 15 7 6.5, and j
6,8  1.49z,  H-6), and 4.61 (3H, brs, 
CH 2 , and CH). 
Found: C, 67.9; H, 4.9; N, 10.8%; M, 389 
C22 H 19N30 2S requires: C, 67.9; H, 4.9; N, 10.8%; N , 389 
The toluene mother liquor was evaporated to leave a 
brown tarry solid (0.136 g), whose t.l.c. in ethyl acetate 
over silica showed it to be a multicomponent mixture which 
was not further. investigated. 	 . 
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The Attempted Chlorination of 2-[Imidazo[1.,5--a]pyridine-
3(2H)-thion-2--ylj-2-phenylethanol (112) 
A solution of 2-(imidazo[1 , 5-a]pyridine-3 ( 2H) - thión -
2-yl] -2-phenylethanol (112) (0.27 g, 0.001 md) in thionyl 
chloride (10.0 ml) was heated at 100° (water bath) for lh. 
The mixture was evaporated then treated with water (2.0 ml) 
and re-evaporated to leave an oily black residue (0.3 g) 
whose t.1.c. in ethyl acetate over silica showed it to be an 
unresolvable multicomponent mixture which was not further 
investigated. 
The Attempted Oxidation of 2- [Irnidazo[ 1 , 5-a]pyridine- 3( 2 H) -
thion-2-ylJ-2-phenylethanol (112) 
A solution of 2 - [imidazo[1 , 5-a]pyridine-3 ( 2 H) -thion -2-
ylJ-2-phenylethanol (112) (0.54 g, 0.002 mol) in 70% v/v 
aqueous acetic acid (10.0 ml) was treated carefully with 
chromium trioxide (0.54 g) and the mixture was heated at 100 0 
(water bath) for 30 mm. 	The mixture was evaporated and the 
residue was treated with water (10.0 ml) and the supernatant 
liquor was decanted to leave a black gummy solid. 	The black 
gummy solid was triturated with ethyl acetate, filtered to 
remove inorganic material, and the ethyl acetate mother liquor 
evaporated to leave a dark red oil (0.13 g), whose t.l.c. in 
ethyl acetate over silica showed it to be an unresolvable 
multicomponent mixture which was not further investigated. 
The aqueous mother liquor was extracted with methylene 
chloride (2x10.0 ml) to afford a red gummy solid (0.18 g) 
which was purified by Kugelrohr distillation at 1700/0.2mmHg 
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to give picolinamide as a colourless solid (0.06 g; 25%) 
m.p. 98° (lit., 
72 
 1060), 
Found: M, 122 
C6 H6 N 20 requires: M , 122 
which was identical (m.p. and i.r. spectrum) to an authentic 
sample 72 
1-Phenyl-3-(pyridin-2-yl)-A 2 -1 ,2,4-triazoline-5(4H)-thione 
(119) 
A solution of aniline (0.72 g, 0.008 mol) in SM aqueous 
hydrochloric acid (3.9 ml) was cooled to 0° (ice-salt bath) 
and treated dropwise with stirring with a solution of sodium 
nitrite (0.55 g, 0.008 mol) in water (2.0 ml) at such a 
rate that the temperature was maintained between 0-5 0 . 
The solution was then added dropwise with stirring, at 0 0 
(ice-salt bath) to a solution of imidazo[ 1 , 5-a]pyridine-
3(2H)-thione (1) (1.1 g, 0.0075 mol) and sodium acetate 
(1.6 g, 0.02 mol) in water (4.0 ml) and ethanol (7.5 ml) 
and the mixture was stirred in the melting ice-bath for 1$h. 
The mixture was then extracted with methylene chloride to 
give a tarry solid which was chromatographed over silica. 
Elution with methylene chloride-diethyl ether (3:1) 
gave a dark orange oil (0.4 g) which was triturated with 
toluene to give 1-phenyl-3-(pyridin-2-yl)-1x 2 -1,2,4-triazo-
line-5(4H)-thione (119) as a yellow solid (total 0.4 g; 21%) 
which formed colourless crystals, m.p. 194° (from toluene), 
'max 3140-2600 (NH), and 1590 cm- 1, 6[(CD 3 ) 2 Sol 8.75 (1H, 
, H-6'), 8.17-8.00 (4H, m, ArE), and 7.67-
7.42 (SH, m, ArH) 
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Found: C, 61.7; :fl,  4.3; N, 20.4%; M 4 , 254.0626 
C 13H 10N4 S requires: C, 61.4; H, 3.9; N, 22.1%; N:, 254.0626 
Further elution with diethyl ether through to ethanol 
gave only uncharacterised gums and solids (total 0.42 g). 
The Attempted Nitrosation of Imidazo[1., 5-a]pyridine-3  (2H) - 
thione (1) 
A solution of imidazo[ 1 , 5-a]pyridine-3 ( 2H) - thipne 
(1) (0.6 g, 0.004 mol) in glacial acetic acid (7.5 ml) was 
treated with 10%.v/v aqueous hydrochloric acid (2.5 ml) and 
the solution was cooled to 0° (ice-salt bath) and treated 
dropwise with stirring over 15 min with a solution of 
sodium nitrite (0.35 g, 0.005 mol) in water (2.0 ml). The 
mixture was stirred in the melting ice bath for 2.5h then 
cooled to 0° (ice-salt bath) and neutralised with 2M aqueous 
sodium hydroxide solution and glacial acetic acid. 	The 
mixture was filtered to remove an intractable black solid 
(0.23 g) and the aqueous mother liquor was extracted .con-
tinuously with methylene chloride for 2h to give a dark gum 
which was washed with light petroleum to leave.a tarry solid 
(0.41 g) whose t.l.c. in ethanol over silica showed it to 
be an unresolvable multicomponent mixture which was not 
further investigated. 
A solution of imidazo[ 1 , 5-a]pyridine -3 ( 2 H) - thione 
(1) (0.3 g; 0.002 mol) in absolute ethanol (20.0 ml) was 
treated with a solution of hydrogen chloride (0.18 g, 0.005 
mol) in absolute ethanol (0.6 ml) and cooled to 0° (ice-salt 
bath) then treated dropwise with stirring with a solution of 
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/ethyl nitrite (0.17 g, 0.0022 mol) in absolute ethanol (0.3 
ml) at such a rate that the temperature was maintained 
between 0-5°. 	The mixture was stirred at room temperature 
for Sh then evaporated to leave a black gum (0.53 g) which 
was washed with saturated aqueous sodium hydrogen carbonate 
solution and extracted with methylene chloride to give an 
intractable brown gum (0.25 g), from which no identifiable 
material could be obtained. 
CHAPTER 3 
Studies of the Synthesis and Reactivity 
of Imidazo[1 , 5-a]pyrimidine Derivatives 
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As already described at length in the introductory 
chapter to this thesis and in chapter 2 iinidazo[l,S-al-
pyridines exhibit unusual reactivity towards electrophilic 
reagents such that attack occurs at N-2 br C-i and in the 
latter case where the electrophile is an mine can be 
followed by rearrangement through heterocumulene type 
intermediatesto afford pyridine derivatives. 	Also, certain 
ixnidazo[1 ,. 5-a]pyridine derivatives undergo cycloaddition 
reactions explicable in terms of novel dehydroheterocyclic 
intermediates (see chapter 2) . 	 To date these various types 	of 
reactivity have only been observed with imidazo[1,5-aJ- 
pyridmne derivatives and it was of interest to intgate 
Xo4 
analogous reactivity in structurally similar bridg. -fused 
in-tidazoles such as imidazo[ 1,5-a]pyrimidines (Scheme 1 ).Thus 
by analogy with imidazo[1,5-a] pyridine-3(2H) -thione (see 
chapters 1 and 2) imidazo[1,5-a]pyrimidine-6(7H)-thiones 
(1) might exhibit electrophilic attack at both N-2 and C-i 
to give products such as (2) and (3). 	Moreover reaction 
with imino-type electrophiles (see chapter 2) could result 
(Scheme 1) in rearrangement to pyrimidine derivatives 
through isothiocyanate intermediates [(2)-(3)-*(4)-(5)]. 
Appropriate 6-alkylthioimidazo[1 ,S-ajpyrimidine derivatives 
(6) might also be particularly prone to undergo cyclo-
addition reactions through novel dehydroimidazopyrimidine 
derivatives [(6)-3-(7) ~-.-(8)--(9) or (10)1. 	However at the 
outset of this work imidazo[1,5-a]pyrimidmne--6(7H)-thiones 
(1) in general and imidazo[1,5-a]pyrintidine-6(7H)-thione 




















contains little information on imidazo[1,5-a]pyrimidine 
derivatives principally because of a relative lack of 
general methods for their synthesis. 	Thus available 
synthes.s59 are based exclusively on annulation reactions 
of relatively inaccessible and generally unstable. 4-amino- 
imidazole derivatives. 	It was therefore decided to develop 
a more suitable alternative synthetic method for the 
imidazo[ 1 , 5-a]pyrimidine derivatives required for study in 
the present work. 	This new method (Scheme 2) was based 
by analogy with synthesis of imidazo{ 1 , 5-a]pyridine 
derivatives (see chapter 2) on annulation reactions of 
2-(aminomethyl)pyrimidine derivatives (14). 	However such 
pyrimidine derivatives were only available by the practically 
inconvenient and relatively low-yielding condensation reac-
tion of aminoacetamidine derivatives with 8-dicarbonyl 
compounds] 5 ' 76 	It was therefore necessary to develop a 
more convenient route (Scheme 2) to 2-aminomethylpyrimidines 
(14) based on the reduction of previously unknown 2-(azido-
methyl)pyrimidines (13) derivable by the reaction of 2- 
haloge4,nethylpyrimidines (12) with sodium azide. 	Though 
0 
2 - (halogerjnethyl)pyrimidines (12) are known compounds, the 
available methods for their synthesis based on condensation 
reactions of halogenoacetamidines with S-dicarbonyl com-
pounds, 77 ' 78 and halogenation reactions of 2-methylpyrimidines 79 
and their N-oxides 80 ' 81 tend to be relatively low yielding 
and inconvenient in practice. 	However 2-(halogenoalkyl)- 
pyrimidines are conveniently synthesised in high yield by 
triazole-scission reactions of readily accessible 1,2,3-
triazolo[ 1,5-aJpyrimidine derivatives with acyl halides or 
182 
halogen acids. 82  The new synthetic strategy developed 
in the present studies for intidazo[1,5-a]pyriinidines 
(Scheme 2) was therefore based on the synthesis of 2-
(halogenoinethyl)pyrimidines (12) by the previously 
undescribed triazole-scission reaction of 3-unsubstituted 
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3.2 The Synthesis and Acid-catalysed Triazole-scission 
of 3-Unsubstituted 1 , 2 ,3-Triazolo[1 , 5-a]pyrirnidines 
1 , 2, 3-Triazolo[1 ,5-a]pyrimidine derivatives are 
generally available by the acid or base catalysed condensation 
of 5-amino--1H-1 , 2, 3-triazoles with ft-dicarbonyl 83i84cop.,po,rjs 
However the parent 5-arnino-1H-1,2,3-triazole required for 
the synthesis of the 3-unsubstituted 1,2,3-triazolo[1,5-a]-
pyrimidine derivatives needed in the present work is not 
readily accessible. 85 	It was therefore decided (scheme 3) 
to utilise the readily available 86 5-amino--1H-1,2,3-triazole- 
4-carboxylic acid (18) which should condense with 8-dicarbonyl 
compounds to afford 1 ,2,3-triazolo[1 ,5-a)pyrimidine-3-
carboxylic acids (19) and thence by decarboxylation the 
required 1 ,2,3-triazolo[1 , 5-a]pyrimidines (22). 	5-Amino- 
1H-1,2,3-triazole-4-carboxylic acid (18) was prepared as 
described in the literature 86 by the hydrolysis of the 
corresponding amide (17) available in turn by the reductive 
debenzylation87 of 5-amino-1-benzyl-1H-1 ,2,3-triazole-4-
carboxamide (16) formed by the base catalysed condensation 87 
of benzyl azide with cyanoacetamide. 
In practice (Scheme 3) 5-amino-1H--1,2,3--triazole-4.-
carboxylic acid (18) condensed smoothly with malondialdehyde 
bis-dimethylacetal in ethanol in the presence of hydrochloric 
acid to give a high yield (80%) of a product whose spectro-
scopic properties were consistent with the expected 
triazolopyrimidine derivative (19a). 	Also.formed in this 
reaction were two oily by-products subsequently identified 
XrCL) 
(see later) as 2-(chloromethvl)pyrimidine (29a;A and 2- 
HE 
(ethoxymeth.yl)pyrimidine (29a)x:0E).The formation of these 
two by-products is readily explained by the acid-catalysed 
triazole scission of. the triazolopyrimidinecarboxylic acid 
(19a) (see later). 	All attempts to purify the triazolo- 
pyrimidinecarboxylic acid (19a) by crystallisation resulted 
in its decarboxylation to the previously unknown parent 
1 ,2,3-triazolo[1 , 5-a]pyrimidine (22a) whose analytical and 
spectroscopic properties were fully in accord with its 
assigned structure. 	On a preparative scale thermolysis of 
the triazolopyrimidinecarboxylic acid (19a) in ref luxing 
toluene gave 1 ,2,3-triazolo[1 , 5-a]pyrimidine (22a) in 
quantitative yield. 
The triazolecarboxylic acid (18) also condensed readily 
with acetylacetone in the presence of hydrochloric acid to 
afford a high yield (85%) of the expected dixnethyltriazolo- 
pyrimidinecarboxylic acid (19b) together with small amounts 
• 	 • 	X:CL) 
of the triazole scission products (29b;A and (29b;CE+).Again 
the thermolabile triazolopyrimidinecarboxylic acid (19b) 
could not be characterised by combustion analysis. 	However 
it showed the correct parent ion at m/e 192 in its mass 
spectrum and its i.r. and 'H n.m.r. spectra were entirely 
consistent with the assigned structure (19b). 	This was 
further demonstrated by the thermal decarboxylation of the 
dimethyltriazolopyrimidinecarboxylic acid (19b) in ref luxing 
toluene to give a quantitative yield of the known 83,84 
dimethyl-1 ,2,3-triazolo[1 ,5-a]pyrimidine  (22b) which gave 
a melting point (89°) 	H higher than that (88 ° ) 








 I : % + MO2 H 
(24) 





W,~ M(2 N 
	
I 	
+ 	I y 
K(NH 
Mc 	 0 




(U C 5HN I EtOH, heat. 
Scheme 4 
185 
In contrastlothe already described reactions of the 
aminotriazolecarboxylic acid (18) with malondialdehyde, 
bis(dimethylacetal) and acetylacetàne, the attempted con-
densation of the amino triazolecarboxylic acid (18) with 
ethyl acetoacetate in the presence of hydrochloric acid 
was unsuccessful, only the unreacted triazole (18) being 
recovered in low yield.. 	However the aminotriazolecarboxylic 
acid (18) did condense smoothly with ethyl acetoacetate in 
ethanol in the presence of piperidine (Scheme 4) to give 
a high yield (75%) of a colourless solid which gave analytical 
and mass spectral data consistent with either of the possible 
1,2,3-triazolo[1,5-ajpyrjntidinone structures (25) or (26). 
However the 1 H n.m.r. spectrum of the solid showed signals 
inconsistent with a single structure but readily. inter- 
preted in terms of a 50:50 mixture of both isomers (25) 
and (26). 	This mixture is clearly derived.by the initial 
formation and decarboxylation under the reaction conditions 
of a 50:50 mixture of the thermolabile isomeric carboxylic 
acids (23) and (24). 	Since the triazolopyrimidinones (25) 
and .(26) are equivalent in terms of their triazole scission 
products (see later) no attempt was made to resolve the 
product mixture of the two compounds (25) and (26). 	Also 
isolated in the piperidine-catalysed condensation of the 
triazolecarboxylic acid (18) with ethyl acetoacetate was 
a low yield (7%) of a product identified later as the 
chloromethylpyrimidinone (3)a). 	The isolation of this by- 
product is readily explained by some triazole scission in 
the course of the isolation of the triazolopyrimidinone 
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Having developed suitable high yield routes to the 
1 ,2,3-triazolo[1 , 5-a]pyrimidine derivatives (22a) and (22b) 
and the isomer mixture of the 1,2,3-triazolo[1,5-a)-
pyrimidinones (25) and (26) •attention was next directed to 
a general study of their acid-catalysed triazole scission 
reactions 88  with particular emphasis on their conversion 
into the corresponding 2-(chloromethyl)pyrimidines needed 
as starting-materials for the synthesis of 2-(aminomethyl)-
pyrimidines. 	Thus (Scheme 5) treatment of the parent 
triazolopyrimidine (22d)with concentrated hydrochloric acid 
at room temperature resulted in the vigorous evolution of 
nitrogen and the formation in quantitative yield of a yellow 
oil whose boiling point was consistent with that reported 8° 
for the known compound 2-(chloromethyl)pyrimidine (29a; 
X=Cl). 	The oil gave an accurate mass spectrum and showed 
n.m.r. absorption fully in accord with the assigned 
structure (29a; X=C.l). 	The formation of this product by 
the action of concentrated hydrochloric acid On the 1,2,3-
triazolo[1,5-a}pyrjmidine (22a) is readily explained by the 
mechanism shown in Scheme 5 	This involves initial 
protonation at C-3 in the triazolopyrimidine (22) followed 
by nucleophilic attack by chloride ion at this site in the 
protonated intermediate (28) with concomitant loss of 
nitrogen to afford the scission product. (29). 	In contrast 
to the parent triazolopyrimidine (22a) the corresponding 
carboxylic acid (19a) was relatively stable to scission in 
concentrated hydrochloric acid at room temperature only a 
N:CL) 
low yield of 2-(chloromethyl)pyrimidine (29a)being formed 
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under these conditions. 	The relative stability of the 
triazolopyrimidine carboxylic acid (19a) to triazole 
scission is consistent with the stabilising effect on the 
triazole ring of an electron-withdrating C-3 substituent 
(ie. the carboxyl group). 	Electron-withdrawing sub- 
stituents at the C-3 position of 1,2,3-triazolo[1,5-a]- 
quinazolines have also been shown 89  to inhibit acid-catalysed 
triazole scission of these bridgehead-fused 1,2,3-triazoles. 
However heating the triazolopyrimidinecarboxylic acid (19a) 
in concentrated hydrochloric acid at 100° resulted (Scheme 
6) in concomitant decarboxylation and triazole scission 
with formation of 2-(chlororuethyl)pyrimidine (29a; XC1) in 
high yield (83%) 
The dimethyltriazolopyrirnidine (22b) also underwent 
smooth acid-catalysed triazole scission with gas evolution 
(Scheme 5) in concentrated hydrochloric acid at room tempera-
ture giving a high yield (85%) of a product whose properties 
were fully consistent with its formulation as the known 90  
2-(chloromethyl) -4,6-dimethylpyrimidine (29b; x=cl). Thus 
its melting point (62°) agreed well with the literature 
value (66') 90  and its elemental analysis and-spectroscopic 
properties further substantiate: the assigned structure (29b; 
X=Cl). 	Repetition of the acid-catalysed triazole scission 
of the dimethyltriazolopyrimidine (22) in concentrated 
hydrochloric acid on a larger, scale gave a much reduced 
yield (31%) of the chloromethyldimethylpyrimidine (29b; 
XC1). 	The .major product in this case was a new compound 
having a melting-point (84°) close to that (89 ° ) reported 79 
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(29b; XOH). 	This identity for the new product was fully 
substantiated by the produces combustion analysis and 
spectroscopic properties. 
- 	The isomeric mixture of the 1,2,3-triazolo[1,5-a]- 
pyrimidinones (25) and (26) also reacted readily with con-
centrated hydrochloric acid at room temperature (Scheme 7) 
to afford a good yield (91%) of a single product whose 
properties are in accord with the known 91  compound 2-
(chloiomethyl)-6-methylpyrimidin-4(3H) -one (31a). 	thus 
though its melting-point (159 ° ) differed from the literature 91 
value (165 0 ) it gave a combustion analysis and showed 
spectroscopic properties fully in accord with the assigned 
structure (31a). 
The smooth reactions of the triazolopyrimidine 
derivatives (22a) and (22b) and the isomer mixture of the 
triazolopyrimidinones (25) and (26) with concentrated hydro"  
chioric acid to afford the corresponding 2-(chloromethyl)-
pyrimidine derivative (29 a and b; XC1) and (31a) in high 
yield illustrate a new regiospecific method for the synthesis 
of such compounds. 	As already discussed .literature 7781 routes 
to 2-(chioromethyl)pyrimidines are either low-yielding due 
to by-productformation or involve relatively inaccessible 
starting-materials. 	Having demonstrated the value of the 
triazole scission of 3uñsubstituted 1,2,3-triazolo(1,5-a]-
pyrimidines in hydrochloric acid as a synthetic route to 
relatively inaccessible 2-chloromethylpyrimidines it was of 
interest in conjunction with the present studies to assess 
the value of such reactions for the synthesis of 2-(sub-
stituted net ypyriwidines (Schemes 5-7) in general. 
HMO 
It was found that the parent triazolopyrimidine (22a) 
also reacted readily with concentrated hydrobromic acid at 
room temperature to give an excellent yield (96%) of an 
oil whose elemental.analysis and spectroscopic.properties 
are entirely consistent with its formulation as 2-(bromo-
methyl)pyrimidine (29a; X=Br).. 	This compound had been 
previously reported 79 without details of its boiling-point 
as a product obtained in low yield by the bromination of 
2-methylpyrimidine. 	The dimethyltriazolopyrimidine (22b) 
reacted analogously with concentrated hydrobromic acid 
giving a good yield (76%) of a low-melting product formulated 
as the previously unknown 2-(bromomethyl)-4,6-dimethyl- 
yrimidine (29b; X=Br) on the basis of its combustion 
analysis and spectroscopic properties. 	Triazole scission 
of the isomer mixture of triazolopyrimidinones (25). and (26) 
in concentrated hydrobromic acid resulted in a moderate 
yield (59%) of the expected but previously unreported 
2-(bromomethyl)pyrimidinone (31b). 	This product gave 
analytical data and showed spectroscopic properties fully 
in accord with its assigned structure. 
The foregoing reactions clearly demonstrate the value 
of the triazole scission of 1,2,3-triazolo[1,5-apyrimidine 
derivatives in halogen acids as a general high-yielding 
route to 2-(halomethyl)pyrimidines. 	The triazolopyrimidines 
Qnà 
(22a) and (22b)Athe isomer mixture (25) and (26) also 
underwent triazole scission in glacial acetic acid providing 
a convenient high-yield route to the corresponding 2-(acetoxy-
methyl)pyrimidines. 	However reaction of the parent triazolo- 
pyrimidine (22a) with glacial acetic acid occuffed only 
sluggishly at room temperature and heating was necessary 
to induce rapid reaction with the formation in essentially 
quantitative yield of an oily product. 	This gave mass 
spectrum data and spectroscopic properties consistent with 
the expected but hitherto unknown pyrimidine derivative, 
2-(acetoxymethyl)pyrimidine (29a; X=OgMe). 	This product was 
also obtained in good yield (84%) when the triazolopyrimidine-
carboxylic acid (19a) was heated under ref lux in glacial 
acetic acid presumably as a result of preliminary decarboxy-
lation followed by triazole scission of the parent triazolo- 
pyrimidine (22a). 	Also isolated in this reaction was a 
low yield (2% ) of a crystalline product (Scheme 6) which 
gave analytical data and showed spectroscopic properties 
consistent with the ester structure (30). 	This product can 
be explained by the competing involvement of the triazolo-
pyrimidinecarboxylic acid (19a) in the triazole scission of 
the triazolopyrimidine (22a) analogously to the reaction of. 
the latter with acetic acid to afford the 2-(acetoxymethyl)-
0 
pyrimidine (29a; X=0Me). 	Heating the dimathyltriazolo- 
pyrimidine (22b) in glacial acetic acid likewise gave a 
quahtitative yield of a low-melting product which analysed 
correctly and showed i.r. and 1 H n.m.r. spectra in accord 
with its formulation as the known 91,92  2-(acetoxymethyl)- 
9 
pyrimidine derivative (29b; X=OCMe). 	Analogous scission 
of the triazolopyrimidine isomer mixture (25) and (26) in 
hot glacial acetic acid gave a quantitative yield of the 
2-(acetoxymethyl)pyrimidinone (31c) which had not previously 
been reported in the literature but analysed correctly and 
showed i.r. and 'H n.m.r. absorption consistent with the 
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assigned structure. 
In contrast to its smooth triazole scission in hot 
glacial acetic acid, the parent triazolopyrimidine gave 
only complex oils when heated with aqueous acetic acid. 
However heating the triazolopyrimidine (22a) with aqueous 
sulphuric acid in glacial acetic acid or in aqueous sul-
phuric acid alone at room temperature caused gas evolution 
and the formation in uniformly high yield of a brown oil 
which gave analytical and spectroscopic data allowing its 
formulation as the known 93  2-(hydroxymethyl)pyrimidine 
(29a; X=OH). 	The identity, of this product was further 
verified by its formation in high yield by hydrolysis of 
2-(acetoxymethyl)pyrimidine (29a; X=OCMe)':with hot aqueous 
ethanolic sodium carbonate or aqueous ethanolic sulphuric 
acid. 	2-(Hydroxymethyl)pyrimidine (29a; X=OH) was also 
the product formed in high yield When the triazolopyrimidine-
carboxylic acid (19a) was heated in aqueous sulphuric acid. 
5,7-Dimethyl-1,2,3-triazolo1 ,5-ajpyrimidine (22b) also 
reacted with vigorous gas evolution when treated at room 
temperature with aqueous sulphuric acid giving a moderate 
yield (59%) of the known 79 4,6-dimethyl-2-(hydroxymethyl)-
pyrimidine (29b; X=OH) having a melting-point close to the 
literature value. 79 	This product gave a combustion analysis 
and showed i.r. and 1 H .n.m.r. absorption fully consistent 
with the assigned structure (29b; x=OH). 	In marked contrast 
to the behaviour of the triazolopyrimidine derivatives (22a) 
and (22b) the triazolopyrimidinone isomer mixture (25) and 
(26) failed to react with aqueous sulphuric acid at room 
temperature. 	However reaction occurred smoothly :with gas 
192 
evolution on heating to give a good yield (64%) of a 
colourless solid product having a melting-point (197 ° ) close 
to the value (203 ' )  reported for the known 	2-(hydroxy- 
methyl)pyrimidinone (31d). 	This structure was fully 
confirmed by the products combustion analysis and 
spectroscopic properties. 
As already discussed (see page'83) the hydrochloric 
acid catalysed condensation of 5-amino-1H-1,2,3-triazole-
4-carboxylic acid (18) with malondialdehyde bis-dimethyl-
acetal in addition to affording the triazolopyrimidine 
carboxylic acid (19a) as the major product also afforded two 
oily by-products. 	One of these oily by-products was 
subsequently found to be identical to 2-(chloromethyl)-
pyrimidine (29a; X=Cl) and, as already described, shown to 
be derived by triazole scission of the triazolopyrimidine 
(22a) in hydrochloric acid. 	The second oily by-product 
exhibited spectroscopic properties consistent with its 
formulation as 27(ethoxymethyl)pyrimidine (29a; XOEt). 
The isolation of this compound as a by-product in the 
formation of the triazolopyrimidine (22a) is readily 
explained (Scheme 5) by competing attack OF ethanol on the 
protonated intermediate (28a) and subsequent loss of 
nitrogen. 	In accord with this explanation, treatment of 
an ethanolic solution of the triazolopyrimidine (22a) with 
aqueous perchloric acid at room temperature resulted in 
vigorous gas evolution and the quantitative formation of 
an amber oil identical in all respects to the aforementioned 
oily by-product and showing analytical and spectroscopic 
properties entirely in accord with its formulation as the 
193 
previously unknown ethoxymethylpyrimidine (29a.; X=OEt) - 
Treatment of 5,7-dimethyl-1 , 2 ,3 -triazolo[1,5 -a]pyrimidine 
(22b) with aqueous ethanolic perchioric acid also resulted 
in gas evolution and the formation in quantitative yield of 
a colourless oil which analysed correctly and showed i.r., 
'H n.m.r. and mass spectral properties allowing its 
identification as the new compound 4,6-dimethyl-2-(ethoxy-
methyl)pyrimidine (29b; X=OEt). 	Heating the isomer mixture 
of triazolopyrimidinones (25) and (26) with perchloric acid 
in aqueous ethanol resulted in smooth triazole scission with 
the formation in good yield of the known 91 ethoxymethyl- 
pyrimidinone (31e). 	This triazole scission product gave 
analytical data and showed i.r., 'H n.m.r. and mass spectro-
scopic properties entirely consistent with the assigned 
structure. 
The previously described studies clearly demonstrate 
that acid-catalysed triazole scission of 3-unsubstituted 
1 , 2, 3-triazolo[1 ,5-a}pyrimidine derivatives provides a 
general method for the synthesis of previously unknown or 
otherwise relatively inaccessible 2-(functionalised methyl)-
pyrimidines.. 	The demonstration (Scheme 6) that the 1,2,3- 
triazolo[1,5-a]pyrimidinecarboxylic acid (19a) also under-
goes acid-catalysed triazole scission with concomitant 
decarboxylation giving various 2-(functional.ised methyl)-
pyrimidines (29a) prompted the idea that it might be possible 
to develop a general 'one-pot' synthesis (Scheme 8) of 
2-(functionalised methyl)pyrimidines based on acid-catalysed 
condensation of the aminotriazolecarboxylic acid (18) with 
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equivalents and in situ thermal decomposition and triazole 
scission of the resulting triazolopyrimidinecarboxylic 
acids [eg. (18)-3-(19)-(22)-*(29)]. 	In practice the 'one-pot' 
reaction (Scheme 8) of 5-amino-1H-1,2,3-triazolo-4-carboxylic 
acid (18) with malondialdehyde bis-dimethylacetal in ethanol 
in the presence of hydrochloric acid at room temperature 
followed by heating gave after working up the mixture a 
readily separated mixture of 2-(chloromethyl)pyrimidine 
(29a; X=Cl) (42%) and 2-(ethoxymethyl)pyrimidine (29a; 
X=OEt) (41%). 	Formation of the latter product was largely 
suppressed and the yield of the chloromethylpyrimidine (29a; 
X=Cl) raised to 73% by removing the ethanol prior to heating 
the mixture. 	Modification of these 'one-pot' reaction 
conditions by diluting the mixture with water after removal 
of the ethanol and before heating gave, after working up 1 a 
moderate yield (57%) of 2-(hydroxymethyl)pyrimidine (29a; X0H) 
together with 2-(chloromethyl)pyrimidine (29a; X=C1) (23%). 
The yield of the hydroxymethylpyrimidine (29a; XOH) was 
raised to 68% without the formation of the chloromethyl-
pyrimidine by-product (29a; X=Cl) by carrying out the 'one-
pot' reaction of the aminotriazolecarboxylic acid (18) with 
malondialdehyde bis-dimethylacetal in the presence of 20% 
w/v aqueous sulphuric acid. 	The aminotriazolecarboxylic 
acid (18) also reacted with malondialdehyde bis-dimethyl-
acetal in ref luxing glacial acetic acid to afford 2- (acetoxy-
methyl)pyrimidine (29a; X=OCMe) in moderate yield (44%). 
In this 'one-pot' reaction the acetic acid acts both as 
condensation catalyst and triazole scission reagent. 
Acid-catalysed 'one-pot' reactions of the aminotriazole- 
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carboxylic acid (18) with acetylacetone also provide a 
convenient route to 4,6-dimethyl-2-(functionalised methyl)- 
- 
pyrimidines (Scheme 8). 	Thus, reaction of the amino- 
triazolecarboxylic acid (IS) with acetylacetone in ethanol 
in the presence of hydrochloric acid at room temperature 
followed by removal of the ethanol and heating the mixture 
resulted in an essentially quantitative yield of 2-(chloro-
methyl)-4,6-dimethylpyrimidine (29b; X=Cl). 	A good yield 
(89%) of 4,6-dimethyl-2-(hydroxyraethyl)pyrimidine (29b; 
X=OH) was likewise obtained by heating a mixture of the 
aminotriazolecarboxylic acid (18) and acetylacetone in 20% 
ar3 
w/v sulphuric acidjcorrespondingly the simple reaction of 
the antinotriazolecarboxylic acid (18) and acetylacetone in 
glacial acetic acid affre.& 2-(acetoxymethyl)-4,6-dimethyl- 
.tt 9 
pyrimidine ( 29b;AOdNe)inmoderate yield (57%). 
An attempt was also made to achieve a 'one-pot' synthesis 
(Scheme 8) of 2-(functionalised xnethyl)-6-methylpyrimidih-
4(3W-ones (31) by the in situ formation and decarboxylation 
of the triazolopyrimidinon,6arboxylic acid(23) and (24) and 
triazole scission of the resulting triazolopyrimidinones(25) 
and (26). 	However the attempted reaction of the amino- 
triazolecarboxylic acid (18) with ethyl acetoacetate in the 
presence of aqueous sulphuric acid under conditions suitable 
for the formation of the 2-(hydroxymethyl)pyrimidinone (31; 
X=OH) gave no identifiable material. 	This result is not 
surprising since it has already been shown (see page I 9'5) 
that the aminotriazolecarboxyli acid (18) fails to condense 
with ethyl acetoacetate under acidic cdnditions 1 piperidine 
being the preferable catalyst for this type of condensation. 
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Having developed novel 'one-pot' synthes.s of the 
2-(hydroxymethyl)pyrimidines (29a and b; X=OH) from the 
aminotriazolecarboxylic acid (18) it was of interest to 
know if the alcohols (29a and b; X=OH) could provide ready 
access to the synthetically useful 95,96  pyriinidine-2-
carboxaldehydes (29a and b; CEO for CH2X) and the corres-
ponding carboxylic acids (29a and b; CO 2H for CH2 X). 	The 
behaviour of the hydroxymethylpyrimidines (29a and b; XOH) 
towards various oxidising agents was therefore investigated. 
In practice the attempted oxidation of 2-(hydroxymethyl)-
pyrimidine (29a; X=OH) using chromium trioxide in aqueous 
acetic acid resulted in the destruction of the molecule 
without any apparent formation of the expected carboxylic 
acid (29a; CO 2H for CH 2 X). 	The use of the milder and more 
specific oxidising agent manganese dioxide was no more 
successful. 	Thus, the attempted oxidation of the (hydroxy- 
methyl)pyrimidine (29a; X=OH) with activated manganese 
dioxide in benzene afforded only unreacted starting-material 
or resulted in the destruction of the molecule rather than 
in the formation of the expected pyrimidinecàrboxaldehyde 
(29a; CEO for CH2X). 	The selective oxidation of 2-(hydroxy- 
methyl)pyrimidine (29a; X=OH) with sodium hypochlorite was 
also unsuccessful,reaction at room temperature giving only 
a high recovery of the unreacted starting material. 	The 
attempted selective oxidation of 4,6-dimethyl-2-(hydroxy-
methyl)pyrimidine (29b; X=OH) with dimethyl sulphoxide gave 
a dark intractable product from which no identifiable material 
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(1) NaN 3 , 70% aqu. EtOH, heat. 
(ii). H 2 , 10% Pd-c, 2 atm, room temp. 
Scheme 9 
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3.3 The Synthesis of Imidazo[1,5-apyrimidine Derivatives 
As already discUssed (see page 181 and Scheme 2) the 
synthetic strategy for imidazo[ 1 , 5-a]pyrimidines investigated 
in the present studies involves 2-(aminomethyl)pyrimidines 
as key intermediates. 	Though 2-(axninomethyl)pyrimidines 
76 are known 75, compounds they are not readily accessible and 
their chemical properties as a consequence have been little 
explored. 	It was therefore necessary to devise a suitable 
general method for the synthesis of the 2-(aminomethyl)- 
pyrimidines required in the present work. 	The method chosen 
(Scheme 9) involved the conversion of the now readily available 
XCL) 
2-(chloromethyl)pyrimidines (29a and hA into the corresponding 
azide (32a and b) followed by catalytic reduction of the 
latter to afford the required amines (33a and b). 	Thus 
X rCL) 
2-(chloromethyl)pyrimidine (29aA reacted smoothly with sodium 
azide in ref luxing ethanol toqtvcchtghyThTdf a stable 
oil which analysed correctly is the previously unknown 2-
(azidomethyl)pyrirnidine (32a). 	This structure for the oil 
is confirmed by the presence of strong azide absorption at 
2100 cm 	in its i.r. spectrum and by its 'H n.m.r. absorption. 
2-(Az.domethyl)pyrimidine (32a) is a remarkably stable com- 
pound. 	It can be distilled under reduced pressure without 
decomposition and is recovered unchanged after prolonged 
heating under ref lux in xylene. 	It is also exceptionally 
stable under acidic conditions,being largely unaffected by 
heating with aqueous ethanolic hydrochloric acid or with 
glacial acetic acid. 	However 2-(azidomethyl)pyrimidine 
(32a) was found to be photochemically unstable. 	Thus, 
irradiation of an ethanolic solution of the 2-(azidomethyl)- 
IH 
pyrimidine (32a) at 254nm gave only an intractable gum 
which yielded no identifiable material. 	On the other hand 
hydrogenation of 2-(azidomethyl)pyrimidine (32a) over 10% 
palladium-on-charcoal at 2 atmospheres resulted in its 
smooth conversion into 2-(aminomethyl)pyrimidine (33a) in 
a quantitative yield. 	2-(Amiriomethyl)pyriraidine (33a) has 
been briefly mentioned in a patent 97 without any details of 
its physical properties. 	In the present studies it was 
obtained as a colourless unstable oil which tended to decompose 
to an intractable semisolid on standing and hence did not give 
asatisfactory combustion analysis. However its mass 
spectrum showed the parent ion at m/e 109 whose accu- 
rate mass was consistent with the expected molecular formula 
C 5H7N3 . 	2-(Aminomethyl)pyrimidine (33a) was also charac- 
terised by conversion into simple monoacyl derivatives (see 
later) . - On the other hand its behaviour towards diazotisa- 
tion was more complex. Treatment of 2-(aminomethyl)pyrim[dihe 
(33a) with sodium nitrite in aqueous hydrochloric acid gave 
an oil whose t.l.c. in ethanol over silica showed the presence 
of 2-(chloromethyl)pyrimidine (29a;XCt).However a solid 
isolated in moderate yield (33%) from the oil gave analytical 
and mass spectral data consistent with the molecular formula 
C 10H 1QN6 0. 	In addition its 'H n.m.r. spectrum contained 
signals due to the protons of two non-equivalent pynimidine 
nuclei and two discrete methylene groups. 	These features 
allow the tentative assignment of the novel. - fllerQstamlrlc- - 
structure (34) to the product. 
X:CO 
2-(Chloromethyl)-4,6-dimethylpyrimidine (29b;A also 
reacted smoothly with sodium azide in ethanol to give 
2-(azidomethyl)-4,6-dimethylpirimidine (32b). 	The 
previously unknown azide (32b) was obtained in essentially 
quait.t.tative yield as a relatively stable, colourless oil 
which was readily purified by vacuum distillation and gave 
analytical and spectroscopic properties consistent with 
the assigned structure. 	The azide (32b) underwent smooth 
hydrogenolysis over 10% palladium-on-charcoal at 2 atmos-
pheres to afford a quantitative yield of an unstable oil 
which showed i.r. and 'H n.m.r. absorption entirely con-
sistent with its formulation as 2-(aminomethyl)-4,6- 
dimethylpyrimidine (33b) . 	However an elemental analysis 
could not be obtained for the amine (33b) due to its rapid 
conversion at room temperature into an intractable solid. 
In view of these results it is interesting to note that 
Goldberg and Kelly 75 claim to have synt sitha 2c(miho 
methyl)-4,6-dimethylpyrimidine (33b) by the condensation of 
acetylacetone with 2-(benzoylamino)acetamidine followed by 
hydrolysis as a solid m.p.168°. 	The identity of the oil 
obtained in the present investigations by catalytic 
hydrogenation of the (azidomethyl)pyrimidine (32b) was 
confirmed as 2- (aminomethyl) -4 ,6-dimethylpyrimidine (33b) 
by conversion into a solid thioureido derivative (see later). 
The reaction (Scheme 10) of 2-(chloronethyl)--6-méthyl-
pyrimidine-4(3H)-one (310 with sodium azide in refluxing 
aqueous ethanol was not so efficient as the analogous reac-
tions of the 2-(chloromethyl)pyrimidines (2.9a and b; XC1) 
but afforded a moderate yield (59%) of a solid product 
H 	 H 
°r N y.-.CH2C[ ( . ) 	OyNyCH2N3 yN . 





(I) NaN 3 , EtOH-H 2 0, ref lux. 


















RCO 2 H, heat. 
K-1 3 , C1(CH 2 ) 2 C1, heat. 
Scheme 11 
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which -gave accurate mass data and showed i.r. and 'H 
n.m.r. absorption in accord with the expected (azidomethyl)-
pyrimidinone structure (35). 	Varying the conditions of 
the reaction of the (chloromethyl)pyrimidinone (31a.) with 
sodium azide failed to enhance the yield of the (azido-
methyl)pyrimidinone (35). 	However catalytic hydrogenation 
of the latter gave a quantitative yield of a solid product 
which could not be purified for combustion analysis but 
gave mass, i.r., and 'H n.m.r. spectral data consistent 
with the 2-(aminomethyl)pyrimidinone structure (36). 	The 
amine (36) has not previously been reported as the free base 
but other workers 98 have reported its synthesis and 
characterisation as the hydrochloride or hydrobromide. 
2- (Aminomethyl)-6--methylpyrimidin-4 (3M) -one (36) synthesised 
in the present studies was characterised by its conversion 
in hot glacial acetic acid into the monoacetyl derivative 
(37). 	This compound gave a combustion analysis and showed 
spectroscopic properties entirely in accord with its assigned 
structure. 
Though a number of iittidazo[1,5-ajpyrimidine derivatives 
have been described in the literature 5-9  the methods used 
for their synthesis are invariably based on annulation reac- 
tions of 4-aminoimidazole derivatives. 	However the relative 
inaccessibility of the latter heterocycles coupled with their 
instability makes the available literature routes 5-9  to 
imidazo{ 1 , 5-a]pyrimidines unsatisfactory in practice. 	As 
already outlined (see page IS) and Scheme 2) it was intended 
in the present investigation to exploit a new synthetic 
approach to imidazo[1,5-ajpyrimidines based onIè.yLiisatthiij 
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reactions of 2- (acylaminomethyl) pyrimidine derivatives. 
As models of this synthetic approach (Scheme 11) the 
acylation of 2-(aminomethyl)pyrimidine (33a) was investi- 
gated with a view to cyclising the resulting acyl derivatives 
(38) to the corresponding imidazo[ 1 , 5-alpyrimidines (39). 
In practice heating 2-(aminomethyl)pyrimidine .(33a) in 
formic acid resulted in its conversion in moderate yield 
(40%) into a compound having analytical and spectroscopic 
properties consistent with the expected (formamidomethyl)- 
pyrimidine (38a) . 	Treatment of 2-(formamidomethyl)pyrimidine 
(38a) with phosphoryl chloride in refluxing 1,2-dichioro-
ethane resulted in its smooth cyclodehydration to the parent 
imidao[ 1 , -aJpyrimidine(39a) 6 ' 7 in high yield (88%). 
This product gave analytical data and showed spectroscopic 
properties entirely in accord with the assigned structure, 
though its melting point (120 0 ) was significantly lower 
than that (1300)  reported in the literature  for imidazo-
[1 , S -a]pyrimidine (39a). 	2-(Aminomethyl)pyrimidine (33a) 
was also smoothly acetylated by heating in glacial acetic 
acid to give 2-(acetamidomethyl)pyrimidine (38b) in moderate 
yield (55%). 	The combustion analysis and mass, i.r., and 
'H n.m.r. spectral properties of the (acetamidomethyl)-
pyrimidine (38b) fully supported its assigned structure. 
Heating the (acetamidomethyl)pyrimidine (38b) with phosphoryl 
chloride in 1,2-dichloroethane gave a low yield (38%) of a 
yellow solid product which analysed correctly and showed 
'H n.m.r. absorption consistent with its formulation as the 
previously unreported 6-methylimidazot1 , 5-a]pyrimidine (39b). 
Having demonstrated the feasibility of the previously. 
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unreported cyclodehydration of 2- (acylaminomethyl) - 
pyrimidines to imidazo[1 ,5-a]pyrimidines, attention was 
next directed to analogous syntheses of imidazb[1,5-a]-
pyrimidine-6(7H)-thiones required, as already discussed 
(see page 16'0 and Scheme 2) for reactivity studies akin to 
those of irnidazo[ 1,5-a]pyridine -3 ( 2 H) -thione dealt with at 
length in Chapter 2. 	In the case of imidazo[ 1 , 5-a]pyrimi- 
dine-6(7H)-thiones the synthetic strategy (Schemes 12 and 
13) was based on the assumption that 2-(isothiocyánatomethyl)- 
pyrimidines (41) and (45) and/or (46) would by analogy 40-42  
with 2-(isothiocyanatomethyl)pyridines (see Chapter 2, page 
50 and Scheme I ) undergo spontaneous cyclisation to the 
bicyclic products (42) and (47) and/or (48). 	The intention 
was therefore to generate the 2-(isothiocyanatomethyl)pyrimi-
dines (41) and (45) and/or (46) from the now readily accessible 
2-(aminomethyl)pyrimidines (33) and (36) either directly by 
reaction with carbon disulphide or indirectly through the 
formation and subsequent pyrolysis of the N-phenylthioureido 
derivatives (40) and (44) in the expectation of obtaining the 
imidazo[1 ,5-a]pyrimidine -6(7H) - thiones (42) and (47) and/or 
(48) as the end-products. 
In practice 2-(aminomethyl)pyrimidine (33a) reacted 
smoothly with phenyl isothiocyanate in xylene at room tempera-
ture to give a high yield (71%) of the N-phenylthioureido 
derivative (40a). 	This product analysed correctly and 
showed i.r. and 1 H n.m.r. absorption consistent with its 
assigned structure (40a). 	The thermolysis of the thiourea 
derivative (40a) in 	refluxing xylene gave a red product 
in low yield (13%) which analysed correctly and gave i.r. 
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and tH n.m.r. spectral properties consistent with the 
previously unknown imidazo[1 ,5-a]pyrimidine-6 (7H)-thione 
(42a). 	The low yield of this product was disappointing 
and it was therefore decided to. investigate the analogous 
synthesis of the 2,4-dimethylimidazopyrimidinethione (42b). 
2- (Aminomethyl) -4, 6-dimethylpyrimidine (33b) also reacted 
smoothly with phenyl isothiocyanate in xylene at room 
temperature to afford the thiourea derivative (40b) in high 
yield (88%). 	The thiourea derivative (40b) analysed 
correctly and showed i.r. and LH  n.m.r. absorption consis-
tent with its structure which in turn serves to confirm the 
structure of the parent 2-(aminomethyl)-4,6-dimethylpyrimidine 
•id° 
(33b) (see before). 	The thermolysis of the (thiouremethyl)-  
pyrimidine (40b) in ref luxing xylene failed to afford the 
expected 2,4-dimethylimidazopyrimidine (42b). 	Instead, in 
addition to some unreacted starting material, this reaction 
afforded a moderate yield (60%) of a product which gave a 
combustion analysis and showed spectroscopic properties in 
accord with the disubstituted thiourea derivative (43b). 
The formation of this product is most readily explained by 
the thermal decomposition of the thiourea derivative to the 
- y:mil e. 
amine (33b) and the (isothiocyanatomethyl) (41b) and the 
recombination of the latter with the former. 	The isolation 
of the disubstituted thiourea is therefore evidence for the 
intermediate formation of the (isothiocyanatomethyl)pyrimidine 
(41b) and also demonstrates the reluctance of the latter to 
undergo cyclisation to the imidazo[1, 5-a]pyrimidinethione 
derivative (42b). 	This reluctance in the particular case 
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of 4, 6-dimethyl--2- (isothiocyanatomethyl)pyrimidine (41b) 
may be due to steric inhibition of the cyclisation by the 
4- and 6-methyl groups. 
The reaction (Scheme 13) of 2-(aminomethyl)-6-methyl-
pyrimidine-4(3H)--one (36) with phenyl isothiocyanate in 
xylene at room temperature afforded a quantitative yield 
of the expected thiourea derivative (44) whose analytical 
and spectroscopic properties were fully in accord with its 
assigned structure. 	Thermolysis of the thiourea derivative 
(44) in ref luxing .xylene gave neither of the possible 
imidazo[1,5-a]pyrimidine-6(7H)-thione derivatives (47) or 
(48). 	Instead the product was an intractable grey solid 
which defied all attempts to purify it. 	However, the 
presence in its 111 n.m.r. spectrum of signals due to the 
protons of a methylene group demonstrated that cyclisation 
had not taken place. 
Having failed to achieve an efficient route to imidazo-
[1 ,S-aJ pyrimidine-6 (7H)-thiones through pyrolysis of 2-
(thioureidomethyl)pyrimidines attention was next turned 
(Scheme 12 and 13) to the direct annulation of 2-(amino-
methyl)pyrimidines to imidazo[1 , 5-a]pyrimidine-6 (711) -thiones 
by heating with carbon disulphide in an inert solvent. 	The 
reactions of 2-(aminomethyl)pyrazines with carbon disulphide 
to give the corresponding imidazo[1,5-a]pyrazine-3•(2H)-
thiones have been reported in the literature 45,54  as dis-
cussed in more detail in Chapter 6 of the present thesis. 
However the attempted reaction of 2-(aminomethyl)pyrimidine 
(33a) with carbon disulphide in refluxing toluene resulted 









(1) C1 2C=S, NaHCO 3 , EtOH, room temp. 
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material could be obtained 
	
On the other hand heating 
2- (aminomethyl)-4, 6-dimethylpyrimidine (33b) with carbon 
disulphide in toluene gave a low yield (11%) of the disub-
stituted thiourea (43b) obtained before together with a. 
low yield (9%) of an orange product. 	This gave mass 
spectral data and showed 111  n.m.r. absorption which 
identified it as 2,4-dimethylimidazo[1 , 5-a]pyrimidine- 
6(711) -thione (42b). 	2- (Aminomethyl) -6-methylpyrimidin- 
4(311)-one (36) reacted with carbon disulphide in ref luxing 
methanol to afford an unstable product which decomposed 
rapidly after isolation and therefore could not be 
characterised. 
In a further effort to achieve the annulation of 2-
(aminomethyl)pyrimidines to imidazo[1 ,5-a]pyrimidine-6  (711)-
thiones an attempt was made (Scheme 14) to react 2- (amino-
methyl)pyrimidine (33a) with thiophosgene in the presence of 
sodium hydrogen carbonate. 	It was hoped that this reaction 
would lead, through the intermediacy of the thiocarbamoyl 
chloride (49) to imidazo[1 , 5-alpyrimidine -6(7H) -thione (42a) 
In fact 2-(aminomethyl)pyrimidine (33a) reacted with the 
thiophosgene in ether in the presence of sodium hydrogen 
carbonate at room temperature to afford an orange gum which 
rapidly decomposed at room temperature to a tar and there-
fore could not be characterised. 
The isomerisation of thiocyanates to isothiocyanates 
has been known since 1875 when allylthiocyanates were 
shown 99,100 to thermally rearrange to allyl isothiocyanates. 
Some years later Hennicke °1 demonstrated the thermal 
isomerisation of benzyl thiocyanate to benzyl isothiocyanate. 
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The thermal rearrangement of 2-(thiocyanatoxnethyl)-
pyrimidines therefore offers a method for the generation 
of 2-(isothiocyanatomethyl)pyrimidines and hence for the 
synthesis of the corresponding imidazo[1,5-a]pyrimidine-
6(7H)-thiones. 	This synthetic approach was evaluated 
(Scheme 15) in the case of 2-(thiocyanatomethyl)pyrimidirje 
(50). 	This compound was readily obtained in excellent 
yield (93%) by heating 2-(chloromethyl)pyrimidine (29a;X:C() 
with potassium thiocyanate in aqueous ethanol. 	The 
(thiocyanatomethyl)pyrimidine (50) gave a combustion 
analysis and showed spectroscopic properties entirely in 
accord with its assigned structure. 	Unfortunately the 
(thiocyanatomethyl)pyrimidine (50) was stable to rearrange-
ment in refluxing xylene being recovered unchanged in 
quantitative yield. 	Kinetic studies 102  of the thermal 
isomerisation of thiocyanates to isothiocyanates have shown 
that rearrangement proceeds through an intimate ion-pair 
intermediate [e.g. Scheme 15; (51)]. 	It follows that 
formation of the ion-pair intermediate should be facilitated 
and hence isomerisation promoted by heating in polar solvents. 
However heating the (thiatomethyl)pyrimidine (SO) in 
acetonitrile again resulted only in the quantitative recovery 
of the starting-material. 	An attempt to thermally rearrange 
the (hiocyanatomethyl)pyrimiaine (50) in the absence of 
solvent in a nitrogen atmosphere resulted in the decomposition 
of starting-material to a black intractable solid. 	In an 
effort to demonstrate the thiocyanate to isothiocyanate 
rearrangement [(50)(41a)] an attempt was made to trap the 
(isothiocyanatomethyl)pyrimidine (41a) by reaction with 
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aniline to afford the (N-phenylthioureidomethyl)pyrimidine 
(40a) already characterised (see Scheme 12 before). How-
ever heating the (thiocyanatomethyl)pyrimidine (50) with 
aniline in dioxane gave only low recoveries of the starting-
materials with no evidence for the formation of the thiourea 
derivative (40a). 
The difficulty of obtaining sufficient amounts of the 
imidazo[1 ,5-a]pyrimidine-6 ( 7 H) - thiones (42a) and (.42b) for 
study prevented investigations of their chemical reactivity 
by the present author. 	However the present studies have 
demonstrated the stability of the previously unknown 
imidazof 1 ,5-ajpyrimidine-6 (7H) -thione structure and improved 
methods of synthesis will make imidazo[1,5-ajpyrimidine-





was prepared (yield 90%) by the sodium methoxide catalysed 
reaction of benzyl azide with cyanoacetamide as described 
by J.R. Hoover and A.R. Day 	and had m.p. 229° (lit., 87 
232°), and was used without further purification. 
5-Amino-ill-1 ,2,3-triàzole-4-carboxamide (17) 
5-Amino-1H-1,2,3-triazole-4-carboxamide (17) was prepared 
(yield 90%) by the debenzylation of 5-amino-1-benzyl-1H-1,2,3-
triazole-4-carboxamide (16) with sodium in liquid ammonia as 
described by J.R. Hoover and A.R. Day 	and had m.p. 218° 
(lit., 87 225'), and was used without further purification. 
5-Amino-ill-1 ,2,3-triazole-4-carboxylic Acid (18) 
S-Amino-iH-1,2,3-triazole-4-carboxylic acid (18) was 
prepared (yield 83%) by the hydrolysis of 5-arnino-1H-1,2,3-
triazole-4-carboxamide (17) with iOM aqueous sodiuEuhydroxide 
solution as described by A. Albert 	and had m.p. 160° (lit., 86 
153° decomp.), and was used without further purification. 
The Condensation of 5-Amino-1H-1 ,2,3-triazoie-4-carboxylic 
Acid (18) with Malondialdehyde Dimethylacetal in the Presence 
of Hydrochloric Acid 
A solution of 5-amino-Ui-1 ,2,3-triazole-4-carboxylic 
acid (18) (4.9 g, 0.038 mol) in ethanol (400 ml) was stirred 
at room temperature and treated with concentrated hydrochloric 
acid (10.0 ml) followed by malondialdehyde dimethylacetal 
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(6.2 g 0.038 mol). 	The resulting solution was stirred 
at room temperature for 0.5h then evaporated at room 
temperature and the residue treatedkwater (20.0 ml). 	The 
insoluble solid was collected, washed with water and dried 
in vacuo to afford the triazolopyrimidine carboxylic acid 
(19a) (5.0 g; 80%), m.p. 112° (decomp.), v 	1700 (CO) cm -1max 
6NCD3 ) 2 Sol 9.61 (111, dd, J 7 1.8 and 37,6  7.OHZ,  H-7), 8.99 
(1H, dd, J 5,6 	 5,7 4.0 and J 	1.8Hz, H-S), and 7.44 (1H, dd, J 6 
7.0 and J6,5  4.OHz,  11-6), which could not be purified by 
crystallisation without extensive decarboxylation. 
Found: E4, 164. 
C 6 H4N4a 2 requires: M , 164. 
The acidic aqueous mother liquor was neutralised with 
solid sodium acetate and extracted with methylene chloride 
(4x15.0 ml) to yield a yellow oil which was flash-chromato-
graphed over silica. 
Elution with methylene chloride gave 2-(chloromethyl)-
pyrimidine (29a; X=Cl) as an amber oil (0.7 g; 14%), which 
was identical (i.r. spectrum) to a sample prepared later. 
Elution with ethyl acetate-methylene chloride (1:2) 
afforded 2-(ethoxymethyl)pyrimidine (29a; X=OEt) as an anther 
oil (0.3 g; 5%) identical (i.r. spectrum) to a sample 
prepared as described later. 
1 ,2,3-Triazolo[1 , 5-a]pyrimidine (22a) 
A suspension of 1 ,2,3-triazolo[1 , 5-a]pyrimidine -3-
carboxylic acid (18) (5.1 g, 0.031 mol) in toluene (50.0 ml) 
was heated under reflux for lh. 	Gas evolution occured and 
the resulting orange solution was evaporated to leave 
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1 , 2 , 3- triazolo[ 1 , 5- Jpyrimidine (22a) as a pale orange 
solid (3.6 g; 100%) which formed yellow needles, m.p. 147° 
(from ethanol-toluene), Umax 1610 cm 1 , 6(CDC1 3 ) 8.94 (111, 
din, J 6,7  7.3Hz,  11-7), 8.63 (1H, dd, 1 5,6 4.0 and J 5,7  1.6Hz,  
11-5), 8.24 (111, d, J0.7Hz, H-3) , and 7.00 (1H, dd, J677.3 
and J56 4.OHz, H-6). 
Found: C, 50.2; H, 3.3; N, 46.7%; M, 120. 
C 5 H 4 N 4  requires: C, 50.0; 11, 3.4; N, 46.6%; N , 120 
The Condensation of 5-Amino-ill-1 , 2, 3-triazole-4-carboxylic 
Acid (18) with Acetylacetone in the Presence of Hydrochloric 
Acid 
A solution of 5-amino-ill-1 ,2,3-triazole-4-carboxylic 
acid (18) (7.2 g, 0.056 mol) in ethanol (500 ml) was treated 
with concentrated hydrochloric acid (15.0 ml) followed by 
acetylacetone (5.6 g, 0.056 mol) and the solution was stirred 
at room temperature for ih. 	Filtration afforded 5,7-di- 
methyl-1 ,2,3-triazoloti , 5-a]pyrimidine- 3 -carboxylic acid (19k) 
as a colourless solid (9.2 g; 85%), m.p. 125° (decomp.), 
N) max1710 (CO) cm- 1, 6[(CD 3 ) 2 SO] 7.23 (1H,6 	113_ 7 0Hz, 
H-6), 2.83 (311, d, J 6 	. 1.0Hz, CH3 -7), and 2.63 (311, s, 
CH 3 -5) , which decarboxylated on attempted purification by 
crystallisation. 
Found: N, 192. 
CpH inNO., requires: M , 192. 
The ethanolic mother liquor was concentrated at room 
temperature and the residue was treated with water (20.0 ml), 
neutralised with 10M aqueous sodium hydroxide solution and 
glacial acetic acid, and extracted with methylene chloride 
ali 
(3x50.0 ml) to give a mobile oil (0c9 g) which was flash-
chromatographed over silica. 
Elution with ethyl acetate-methylene chloride gave 
2-(chloromethyl)-4,6-dimethylpyrimidine (29b; X=Cl) as a 
mobile oil (0.5 g; 6%), which was identical (i.r. spectrum) 
to an authentic sample prepared as described later. 
Further elution with ethyl.acetate gave 4,6-dimethyl-
2-(ethoxymethyl)pyrimidjne (29b; X=OEt) as a mobile oil 
(02 g; 2%), which was identical (i.r. and 'H n.m.r. spectra) 
to an authentic sample prepared later. 
Final elution with methanol-ethyl acetate (1:1) gave 
only an intractable gum (0.15 g). 
5,7-Dimethyl--1 ,2,3-triazolo[1 ,S -a]pyrimidine (22b) 
A suspension of 5,7-dintethyl-1,2,3-triazolo[1,5-a]-
pyrimidine-3-carboxylic acid (19b) (7.1 g, 0.037 moll) in 
anhydrous toluene (100 ml) was heated under ref lux for 20 
mm. 	Gas evolution occured and the resulting solution was 
evaporated to give the known 84 5,7-dimethyl-,2,3-triazolo-
[ 1 1 5-a]pyrimidmne (22b) as colourless solid (5.5 g; 100%) 
which formed colourless crystals, m.. 89 1 (from toluene-
light petroleum/b.p. 80-100°) (lit., 84 88°), max  1630 cm 1 , 
6(CDC1 3 ) 7.97 (1H, s, 11-3), 6.61 (111, q, J1 .0Hz, H-6) , 2.77 
(311, d, J1.OHz, CH 3 -7), and 2.52 (311, 5, CH3 -5). 
Found: M, 148. 
Calc. for C 7 H 8 N  4 : N , 148. 
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The Attempted Condensation of 5-Amino-1H-1,2,3--triazole-
4-carboxylic Acid (18) with Ethyl Acetoacetate in the 
Presence of Hydrochloric Acid 
A solution of 5-amino-ui-1 ,2,3-triazole-4-carboxylic 
acid (18) (0.25 g, 0.002 mol) in ethanol (30.0 ml) was 
treated with concentrated hydrochloric acid (1.5 ml) followed 
by ethyl acetoacetate (0.26 g, 0.002 mol) and the mixture 
was stirred at room temperature for lh. 	The resulting 
solution was concentrated to approximately 2.0 ml at room 
temperature then diluted with water (5.0 ml), and the 
precipitated solid collected to give the unreacted triazole-
carboxylic acid (18) (0.06 g; 25%), m.p. 158°, identical 
(i.r. spectrum) to an authentic sample. 
The aqueous mother liquor was neutralised with 2M 
aqueous sodium hydroxide solution and extracted with 
methylene chloride (4xiO.0 ml) to give unreacted ethyl 
acetoacetate as a mobile oil (0.09 g; 36%) which was 
identical (i.r. spectrum) to an authentic sample. 
The Condensation of 5-Amino-1H-7 ,2,3-triazole-4-carboxylic 
Acid S (18) with Ethyl Acetoacetate in the Presence of 
Piperidine 
A suspension of 5-amino--ui-1 ,2,3-triazole-4-carboxylic 
acid (18) (10.2 g, 0.08 nol) in ethanol (250 ml) was treated 
with piperidine (22.4 g, 0.264 mol) followed by ethyl 
adetoacetate (11.4 g, 0.088 mol) and the mixture was stirred 
and heated under ref lux for 2h. 	Further ethanol (150 ml) 
was added in an unsuccessful attempt to dissolve the 
suspended solid, and the mixture was heated under ref lux 
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for a further 22h. 	The mixture was filtered to remove 
inorganic material and the filtrate was evaporated and 
the residue treated with water (100 ml). 	The solution 
obtained was acidified with 214 aqueous hydrochloric acid 
and the precipitated solid was collected to afford a 
mixture of 5-methyl-1,2,3-triazolo[1 ,5-a]pyrimidin-7(4H)- 
one (25) and its positional isomer 7-methyl-1,2,3--triazolo-
[ 1 , 5-a]pyrimidin - 5(4H) -one (26) (9.1 g; 75%) which formed 
colourless crystals, m.p. 197° (from dimethylformamide), 
V 	3140 (NH) and 1690 br and 1640 Br (CO) cm 1 , ô[(CD 3 ) 2 SO] 
7.72 [in, 5, H-3 of (25)], 7.40 [in, s, H-3 of (26)], 6.12 
[1M, q, 36CH7  1.2Hz, H-6 of (26)], 5.67 [1H, brd, J 6,CH3-5 
0.6Hz, H-6 of (25)], 2.75 [3H, d, J6 CH 7 1.2Hz, CH 3-7of 
'3 
(26)], and 2.34 [3M, d, J6 CH - 0.6Hz, CH 3 -5 of (25)]. 
Found: C, 48.2; H, 4.1; N, 37.6%; M +, 150 
C 6 H 6 N  4 0 requires: C, 48.0; H, 4.0; N, 37.3%; 14 , 150. 
The acidic aqueous mother liquor was concentrated and 
diluted with water (50.0 ml) and extracted with methylene 
chloride (3x50.0 ml) to give 2-(chloromethyl).-6-methyl-
2yrimidin-4(3H)-one (31d) as a gum (0.85 g; 7%), which was 
identical (i.r. spectrum) to an authentic sample prepared 
as described later. 
2-(Chloromethyl)pyrimidine (29a; .X=Cl) 
(a) 1,2,3-Triazolo[ 1 , 5-a]pyrimidine (22a) (0.3 g, 
0.0026 mol) was carefully added with stirring to concentrated 
hydrochloric acid (10.0 ml) and the resulting solution was 
stirred at room temperature for 17h. 	The mixture was 
neutralised with aqueous sodium hydroxide and glacial 
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acetic acid and extracted with methylene chloride (3x20.0 
ml) to yield the known 80 2-(chloromethyl)pyrimidine (29a; 
X=C1) as a yellow oil (0.3 g; 100%), which was purified by 
vacuum distillation to give a colourless oil, h.p. 56 ° ! 
7mmHg, (lit., 80  51°/6mmHn), Vmax  1565 cm 1 , 6(CDC1 3 ) 8.65 
(2H, a, J4.OHz, H-4 and H-6), 7.15 (1E, t, J4.OHz, H-5), and 
4.64 (21-!, s, CM 2 ). 
Found: 
Calc. for CH, 35 ClN: 
Found: 
Calc. for C 5H5 37C1N2 : 
M, 128.0138. 
M , 128.0141. 
130.0109. 
M , 130.0112. 
1 ,2,3-Triazolo[1 ,S -a]pyrimidine- 3 -carboxylic acid 
(19a) (1.6 g, 0.01 mol) was added to concentrated hydrobhloric 
acid (20.0 ml) and the mixture was heated at 100° (boiling 
water bath) for lh. 	The cooled solution was neutralised 
with iON aqueous sodium hydroxide solution and glacial acetic 
acid, then extracted continuously with methylene chloride for 
4h to afford 2-(chloromethyl)pyrimidine (29a; X=Ci) as a 
yellow oil (1.1 g; 83%), identical (i.r. spectrum) to a 
sample prepared as described in (a) before. 
1 ,2,3-Triazolo[1 ,5-a]pyrimidine -3-carbcxylic acid 
f19a) (0.3 g, 0.002 mol) was added with stirring to con-
centrated hydrochloric acid (10.0 ml) and the resulting  
solution was stirred at room temperature for lh. 	The solu- 
tion was neutralised with iON aqueous sodium hydroxide 
solution and glacial acetic acid at 0-5° (ice-salt bath) 
and extracted with methylene chloride (4x20.0 ml) to yield 
2-(chloromethyl)pyrimidirie (29a; X=Cl) as a mobile oil 
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(0.06 g; 23%), identical (i.r. spectrum) to a sample 
prepared as described in (a) before. 
2-(Chloromethyl) -4 ,6-dimethylpyrimidine (29b; X=Cl) 
(a) 5 , 7-Dimethyl- 1,2,3 -triazolo[1,5-a]pyrimidine (22b) 
(0.3 g, 0.002 mol) was carefully added with stirring to 
concentrated hydrochloric acid (10.0 ml) at room temperature 
and the resulting solution was stirred at room temperature 
for lOh. 	The aqueous mixture was neutralised with 10M 
aqueous sodium hydroxide solution. and glacial acetic acid 
then extracted with methylene chloride (3x30.0 ml) to yield 
90 
the known 2-(chloromethyl)-4 ,6-dimethylpyrimidine (29b; 
X=Cl) as a low-melting, colourless solid (0.3 g; 85%) which 
was purified by high vacuum distillation to give a colourless 
solid, m.p. 62° (lit., 90  66°), b.p. 100°/lmmHg, max  1595 
cm- 1  , 8(CDC1 3 ) 6.85 (1H, brs, H-5), 4.54 (2H, s, CH 2 ), and 2.38 
(6H, d, 30.5Hz, CH3-4 and CH 3 -6). 
Found: C, 53.5; H, 5.6; N, 17.6%; M, 158 and 156. 
Calc. for C,H QClN: C, 53.7; H, 5.8; N, 17.8%; M , 156.5. 
The Reaction of 5,7-Dimethyl-1 ,2,3-triazolo[1 ,5-ajpyrimidine 
(22b) with Concentrated Hydrochloric Acid 
5,7-Dimethyl-1,2,3-triazolo[1,5-ajpyrimidine (22b) 
(5.2 g, 0.035 mol) was carefully added with stirring to 
concentrated hydrochloric acid (10.0 ml) at room temperature 
and the solution was stirred at room temperature for 17h. 
The solution was then neutralised with 10M aqueous sodium 
hydroxide and extracted with methylene chloride (6x40.0 nil) 
to give a solid which was flash-chromatographed over silica. 
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Elution with ethyl acetate-methylene chloride (1:1) 
gave 2- (chloromethyl)-4 ,6-dimethylpyrimidine (29b; X=Cl) 
as a colourless solid (1.7 g; 31%), m.vp. 60°, identicaL 
(i.r. spectrum) to a sample prepared as described before. 
Further elution with ethyl acetate afforded the known 79 
4,6-dimethyl-2'-(hydroxymethyl)pyrimidine (29b; XOH) as a 
colourless solid (3.2g; 66%) which formed colourless 
needles, m.p. 840 (from light petroleum/b..80-100°) (lit., 79 
890), 
Umax 3300-3180 (OH) and 1595 cm 1 , 6 (CDC1 3 ) 6.88 
(1H, brs, H-S), 4.69 (2H, brs, CH 2 ), 4.32 (1H, brs, OH) and 
2.44 (6H, s, CH 3 -4 and CH 3 -6) 
Found: 	C, 61.0; H, 7.3; N, 20.4%; M, 138. 
Calc. for C 7H 9 N 20: C, 60.9; H, 7.3; N, 20.3%; M , 138. 
2-(Chloromethyl)-6-methylpyrimidin-4(3g)-one (31a) 
An unresolved mixture of 5-methyl-1,2,3-triazolo- 
[1 ,5-a]pyrimidin-7(4H)-one (25 ) and 7-methyl-1,2,3-triazolo--
[1,5-a]pyrimidine-5(4H)-one (16 ) (3.0 g, 0.002 mol) was 
added with stirring to concentrated hydrochloric acid 
(20.0 ml) at room temperature and the mixture was stirred 
at room temperature for lh. 	The mixture was neutralised 
with 10M aqueous sodium hydroxide solution and glacial acetic 
acid and the precipitated solid was collected and combined 
with a second crop isolated by extracting the aqueous 
filtrate with methylene chloride (4x50.0 ml) to give the 
known 91 2-(chloromethyl)-6-methylpyrimidin-4(3H)-one (31a) 
as a colourless solid (total 2.9 g; 91%) which formed 
colourless, diamond shaped crystals, m.p.159° (from ethanol-
ethylacetate) (lit., 91 165 ° ), v 	1660 br (CO) cm1,max 
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6 (CDC1 3 ) 6.25 (1H,J, J 5
' 
 Cli -6 0.8Hz, H-5) , 4.43 (2H, 5, CH 2 ) 
3 
and 2.30 (3H, d, J 5 '  CH -6 0.8Hz, CH3 -6).  
Found: C, 45.4; H, 4.5; N, 17.7%; M +, 160 and 158. 
Caic. for C6 H 7C1N 2O: C, 45.4; H, 4.4; N, 17.7%, M , 158.5. 
2- (Bromomethyl)pyrimidine (29a; X=Br) 
1,2,3-Triazolo[ 1 , 5-a]pyrjrujdine (22a) (0.24 g, 0.002 mol) 
was slowly added with stirring to 46-48% aqueous hydrobromic 
acid (10.0 ml.) and the resulting solution was stirred at room 
temperature for lh. 	The mixture was neutralised with iON 
aqueous sodium hydroxide solution and extracted with methylene 
chloride (3x20.0 ml) to afford the known 79  2-(bromomethyl)-
pyrimidine (29a; X=Br) as a colourless oil (0.3 g; 96%) which 
was purified by high vacuum distillation to give a colourless 
oil, h.p. 50°/lmmHg, (lit., b.p. not quoted), v 	1565 cm1,max 
6(CDC1 3 ) 8.79 (2H, d, J5.OHz, H-4 and 11-6), 7.15 (1H, t, 
J5.0 Hz, H-5), and 4.55 (2H, s, CE 2 ). 
Found: C, 34.6; H, 3.2; N, 16.4%; M, 174 and 172. 
Calc. for C 5H5BrN 2 : C, 34.7; H, 2.9; N, 16.2%; M , 173. 
2-(Bromomethyl)-4,6-dimethylpyrimidine (29b; XBr) 
5,7-Dimethyl - 1,2,3 -triazolo[1,5 -a]pyrimjdine (22b) (0.3 
g, 0.002 mol) was slowly added with stirring to 46-48% 
aqueous hydrobromic acid (10.0 ml) at room temperature and 
the solution was stirred at room temperature for lh. 	The 
mixture was neutralised with 2M aqueous sodium hydroxide 
solution and extracted with methylene chloride (5x20.0 ml) 
to yield 2- (bromomethyl) -4 ,6-dimethylpyrimidine (29b; X=Br) 
as a colourless solid (0.3 g; 76%) which was purified by high 
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vacuum distillation to give colourless crystals, m.p. 69 0 , 
h.p. 80°/0.2mmHg (sublim.)., Vmax  1595 cm- 
1,  6(CDC1 3 ) 6.86 
(1H, bra, H-5), 4.46 (2H, s, CH 2 ), and 2.42 (6H, d, J0.4Hz, 
CH 3 -4 and CH 3 -6). 
Found: M, 199.9951 
27H 9 9BrN2 requires: fri , 199.9950 
Found: M, 201.9931 
81 
279f!2_requires 	: M , 201.9930 
2- (Bromomethyl) -6-methylpyrimidin-4 (311)-one (31b) 
An unresolved mixture of 5-methyl-1,2,3-triazolo[1,5-a]-
pyrimidin-7(4H)-one (25) and 7-methyl-1 ,2,3 -triazolo[1,5 -a] -
pyrimidin-5(4H)-one (26) (0.3 g, 0.002 mol) was added with 
stirring to 46-48% aqueous hydrobromic acid (10.0 ml) at 
room temperature and the solution was stirred at room 
temperature for ih. 	Slow gas evolution occurred and the 
solution was neutralised with 10M aqueous sodium hydroxide 
solution and glacial acetic acid then extracted with 
methylene chloride to yield 2-(bromomethyl)-6-methyl-
pyrimidin-4(3H)-one (31b) as a colourless solid (0.24 g; 
59%) which formed colourless crystals, m.p. 144° (from 
ethanol-ethylacetate), v 
max  1660 br (CO) and 1595 cm -1 
5(CDC1 3 ) 6.24 (1H, brd, 	CH -6 0.8Hz, H-5), 4.25 (211, s, 
3, 	3 
CH 2 ), and 2.30 (3H, d, J CM -6 0.8Hz, CH 3-6). 
, 	3 	
.4 
Found: C, 35.3; H, 3.6; N, 14.0%; M , 204 and 202. 
CH,BrN )O requires: C, 35.5; H, 3.5; N, 13.8%; M , 203. 
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The Reaction of 1,2,3-Triazolo[ 1 , 5-a]pyrimjdjrie (22a) 
with Glacial Acetic Acid 
A solution of 1,2,3-triazolo[1,5-a}pyrimidine (22a) 
(0.24 g, 0.002 mol) in glacial acetic acid (10.0 ml.) was 
heated under ref lux for lh. Evaporation yielded 
9 
2-(acetoxymethyl)pyrimidine (29a; X=OhMe) as a brown oil 
(0.4 g; 100%) which was purified by high vacuum distillation 
to give a colourless oil, b.p. 100°/lmmHg, 
1max  1770 (CO) 
and 1570 cm 1 ;. 6(CDC1 3 ) 8.60 (2H, d, J5.OHz, H-4 and H-6), 
7.10 (1H, t, J5.OHz, H-S), 5.19 (211, s, CH 2 ), and 2.80 (3H, 
5, CH 3 ). 
Found: C, 53.2; H, 5.6; N, 18.1%; M, 152. 
C 7 H 8 N 2 0 2  requires: C, 55.2; H., 5.3; N, 18.4%; M , 152. 
Better analytical data could not be obtained for this 
compound. 
The Reaction of 1,2,3-Triazolo[ 1 , 5-a]pyrimidine -3-carboxylic 
Acid (Icci) with Glacial Acetic Acid 
A suspension of 1,2,3-triazolo{1,5-a]pyrimidine-3-
carboxylic acid (jqq.) (1.6 g, 0.01 mol) in glacial acetic acid 
(20.0 ml) was stirred and heated under ref lux for lh. 	The 
resulting solution was evaporated to leave a dark brown oil 
(1.9 g) which was treated with 1M aqueous sodium hydrogen 
carbonate solution and extracted with methylene chloride 
(4x30.0 ml) to give a brown oil (1.3 g). 	an standing over- 
night at 00 this deposited a crystalline solid which was 
collected with the aid of methylene chloride. 	The solid 
(0.05 g), m.p. 183 0 was flash-chromatographed over silica. 
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Elution with ethanol-ethyl acetate (1:3) yielded 
(pyrimidin-2-yl)methyl 1 ,2,3-triazolo[1,S-a]pyrimidine-
3-carboxylate (30) (0.05 g; 2%) which formed colourless 
platelets, m.p. 213° (decomp.) (from ethanol), Vma  1720 
(CO) and 1615 cm 	6[(CD3 ) 2 SO] 9.70 (1H, dd, J 	 6.9 and6,7 
1 57  1.6Hz, H-7), 9.02 (1H, dd, J 5 6  4.1 and J 5 	1.611z, H-S), , 	 , 
8.80 (2H, d, J5• 4' and 6' 4.9Hz, H-4' and H-6'), 7.50 (1H, 
dd, J6 	6.9 and J 56  4.1Hz, H-6), and 7.45 (1H, t, J5, 4 , 	 , 
and 6' 4.9Hz, H-5'). 
Found: C, 51.8; H, 3.0.; N, 33.1; M, 256. 
c 11 H8N 6 a 2 requires: C, 51.6; H, 3.2; N, 32.8%; M , 256. 
Evaporation of the methylene chloride mother liquor 
a 
yielded 2-(acetoxymethyl)pyrimidine (29a; XOMe) as an 
amber oil (1.3g; 84 9i) which was identical (i.r. spectrum) 
to. an authentic sample prepared later. 
The Reaction of 5,7-Dimethyl-1 ,2,3-triazolo[1 , 5-a]pyrimidine 
(22b) with Glacial Acetic Acid 
A solution of 5,7-dimethyl-1,2,3-triazolo[1 ,5-alpyrimidine 
(22b) (0.3 g, 0.002 no].) in glacial acetic acid (10.0 ml) 
was heated under reflux for 15 mm. 	The solution was 
evaporated to leave the known 91 2-(acetoxymethyl)-4,6-dimethyl- 
91 
pyrimidine (29b; X=aáMe) as a dark oil (0.4 q; 100%) which was 
purified by high vacuum distillation to give colourless 
crystals, m.p. 40°, b.p. 65°/0.3mmHq (lit., 91  b.p. 136-137 0 
/20mmHg), v 	1745 br (CO) and 1595 cm 1 , 6(CDC1 1) 6.83max 
(1H, brs, H5), 5.10 (2H, s, CH2 ), 2.36 .(6H, s, CH 3-4 and 
CH3 -6), and 2.08 (3H, s, CH 3). 
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Found: 	C, 60.1; H, 6.8; N, 15.6%; N4 , 180. 
CaIc. for C9H 12N 2 02 : C, 60.0; H, 6.7; N, 15.6%; N , 180. 
2- (Acetoxymethyl)-6-methylpyrimidin-4 (3H) -one (31c) 
An unresolved mixture of 5-methyl-1,2,3-triazolo[1,5-a)-
pyrimidih-7(4H)-one (25) and 7-methyl-1,2,3-triazolo[1 ,5-a]-
pyrimidin-S(4H)-one (26) (0.3 g, 0.002 mol) was dissolved 
in glacial acetic acid (10.0 ml) and the solution heated 
under ref lux for lh then evaporated to leave 2-(acetoxymethyl)-
6-methylpyrimidin-4(3H)-one (31c) as an orange-yellow solid 
(0.4 g; 100%) which formed colourless needles, m.p. 141° 
(from ethanol-ethylaOetate), Umax 1750 and 1670 br (CO) cm, 
6(CDC1 3 ) 6.15(1H, brs, H-S), 5.02 (2H, s, CE 2 ), 2.27 (3H, 
5'5,CH3-6 MHz, CH3 -6), and 2.23 (3H, s, CH 3 ). 
Found: C, 52.5; H, 5.8; N, 15.7%; M 4 , 182. 
C2 H 10 N 7 0 7 requires: C, 52.7; H, 5.5; N, 15.4%; N , 182. 
The Attempted Reaction of 1,2,3-Triazolo[1,5-4]pyrimidine 
(22a) with Hot Aqueous Acetic Acid 
A solution of 1 ,2,3-triazolo[ 1 , 5-a]pyrimidine (22a) 
(0.24 g, 0.002 mol) in 70% v/v aqueous acetic acid (10.0 ml) 
was heated under ref lux for lh then evaporated to yield a 
dark oil (0.3 g). 	This was flash-chromatographed over 
silica to give a viscous amber oil (0.2 g) which was in turn 
flash-chromatographed over silica. 
Elution with ethyl acetate gave an amber oil (0.06 g), 
whose t.l.c. in ethyl acetate over silica showed it to be an 
unresolvable multicomponent mixture. 
Further elution with methanol-ethyl acetate (1:7) gave 
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an amber oil (0.04 g) whose t.l.c. in methanol-ethyl 
acetate (1:2) over silica showed it to be an unresolvable 
multicomponent mixture. 
2- (Hydroxymethyl)pyrimidine (29a; XOH) 
A suspension of 1,2,3-triazolo[1,5-a]pyrimidine-
3-carboxylic acid (19a) (0.7 g, 0.004 mol) in 20% w/v 
aqueous sulphuric acid (5.0 ml) was heated at 100° (boiling 
water bath) for lh. 	The resulting solution was cooled and 
neutralised with 10M aqueous sodium hydroxide solution and 
glacial acetic acid then continuously extracted with 
methylene chloride for 4h to afford the known 93  2-(hydroxy-
methyl)pyrimidine (29a; X=OH) as a mobile oil (0.4 g; 84%) 
which was purified by high vacuum distillation to give a 
colourless mobile oil, b.p. 56/0.3mmHg (lit., 93 b.p. not 5"Jt) 
V 	3500-3200 (OH) and 1570 cm 1 , 6(CDC1 3 ) 8.61 (2H, d,max 
J5.OHz, H-4 and 11-6), 7.11 (111, t, J5.OHz, H-5), 4.73 (2H, 
5, CH 2 ), and 4.32 (lii, brs, OH). 
Found: M, 110.0487 
Calc. for C 5H6N 20: M , 110.0480 
A solution of 1 , 2 , 3-triazolo[ 1 , 5-a]pyrimidine (22a) 
(0.5 g, 0.004 mol) in 20% w/v aqueous sulphuric acid (5.0 ml) 
was stirred at room temperature for lh then neutralised with 
laM aqueous sodium hydroxide solution, 2M aqueous hydrochloric 
acid, and glacial acetic acid. 	The neutral aqueous mixture 
was continuously extracted with methylene chloride for 8h to 
yield 2-(hydroxymethyl)pyrnnidine (29a; x=OH) as a brown oil 
(0.4 g; 95%) , identical (i.r. spectrum) to an authentic 
sample prepared as described in (a) before. 
223 
A solution of 1,2,3-triazolo(1,5-a]pyrimidine 
(22a) (0.4 g, 0.003 mol) in glacial acetic acid (7.5 ml) 
was mixed with 20% w/v aqueous sulphuric acid (4.0 ml) 
causing immediate gas evolution. 	The solution was stirred 
and heated under reflux for lh, then concentrated to 
approximately one-third of the original volume, diluted 
with water (10.0 ml) and extracted with methylene chloride 
(5x20.0 ml) to yield no material. 
The acidic aqueous mother liquor was neutralised with 
2M aqueous sodium hydroxide solution and glacial acetic acid, 
and continuously extracted with methylene chloride for 6h 
to give 2-(hydroxymethyl)pyrimidine (29a; X=OH) as a brown 
oil (0.3 g; 97%), identical (i.r. spectrum) to a sample 
prepared as described in (a) before. 
P 
2-(Acetoxymethyl)pyrimidine (29a;. X=OCMe) (0.6 g, 
0.004 mol) in ethanol (10.0 ml) was treated with 20% w/v 
aqueous sulphuric acid solution (5.0 ml) and the mixture 
was stirred and heated under reflux for lh. 	The mixture 
was concentrated to one-third of the original volume, treated 
with water (10.0 ml) and neutralised with 10M aqueous sodium 
hydroxide solution and acetic acid then continuously extracted 
with methylene chloride for 8h to give 2-(hydroxymethyl)-
pyrimidine (29a; X=OH) as a colourless mobile oil (0.4 
86%), identical (i.r. spectrum) to an authentic sample 
prepared as described in (a) before. 
2-(Acetoxymethyl)pyrimidine (29a; XOCMe) (0.6 g, 
0.004 mol) in ethanol (10.0 ml) was treated with 1M aqueous 
sodium carbonate solution (5.0 ml) and the mixture was 
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stirred and heated under reflux for ih. 	The mixture 
was neutralised with 214 aqueous hydrochloric acid, glacial 
acetic acid, and 2M aqueous sodium hydroxide solution then 
continuously extracted with methylene chiori le for 4h to 
give 2- (hydroxymethyl)pyrimidine (29a; X=OH) as a brown oil 
(0.4 g; 93%), identical (i.r. spectrum) to a sample prepared 
as described in (a) before. 
4, 6-Dimethyl-2-(hydroxymethyl)pyrimidine (29b; XOH) 
(a) 5 , 7-Dimethyl - 1,2,3 -triazolo[1,5 -a]pyrimidine (22b) 
(1.5 g, 0.01 mol) was carefully added with stirring to 20% 
w/v aqueous sulphuric acid (5.0 ml) at room temperature. 
Vigorous gas evolution occurred and the solution was stirred 
at room temperature for ih. 	The mixture was neutralised 
with 214 aqueous sodium hydroxide solution and glacial acetic 
acid then continuously extracted with methylene chloride for 
17h to give a red gummy solid which was flash-chromatographed 
over silica. 
Elution with ethylacetate-methylene chloride (3:1) gave 
4,6-dimethyl-2-(hydroxymethyl)pyrimidine (29b; X=OH) as a 
colourless solid (0.8 g; 59%), m.p. 83°, identified by 
comparison (m.p. and i.r. spectrum) with a sample prepared 
as described before. 
2- (Hydroxymethyl)-6-methylpyrj.midin-4(3H)-one (31d) 
An unresolved mixture of 5-methyl-1,2,3-triazolo-
[1 ,S-a]pyrimidin-7(4H)-one (25) and 7-methyl-1 ,2,3-tria- 
zolo[1,S-ajpyrimidin-5(4H)_one (26) (0.6 g, 0.004 mol) was 
added with stirring to 20% w/v aqueous sulphuric acid (5.0 
ml) 	Gas evolution occurred slowly and the mixture was 
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stirred at room temperature for 2h then heated at 1000 
(boiling water bath) for 30 min causing vigorous gas 
evolution.. The cooled solution was neutralised with 10M 
aqueous sodium hydroxide solution and glacial acetic acid 
then continuously extracted with methylene chloride for 
72h 'to give the known 94 2-(hydroxymethyl)-6-methylpyrimidin-
4(3W-one (3.1d) as a colourless solid (0.4 g; 64%) which was 
purified, by crystallisation to afford colourless needles, 
m.p. 197 0 (from dimethylformamide-ethanol) (lit., 94  203°), 
V 	3140 br (OH) and 1650 br (CO) cm 1 , 6[(CD3)2SO] 6.04.max 
(lii, brs, H-5) , 4.28 (2H, s, CH 
2 CH ) , and 2.15 (3H, d, J5 	-6 3 , 
0.8Hz, CH3 -6). 
Found: C, 51.8; H, 5.8;'N, 20.3%; M, 140 
Calc. for C 6H8N 2O 2 : C, 51.4; H, 5.7; N, 20.0%; M , 140 	 I 
2-(Ethoxymethyl)pyrimidine (29a; XOEt) 
A solution of 1,2 .,3-triazolo[ 1 , 5-a]pyrimidine (22a) 
(0.24 g, 0.002 mol) in ethanol (10.0 ml) was treated with 
aqueous perchloric acid (S.G.1.70) (0.5 ml) causing immediate 
gas evolution. 	The resulting solution was heated under 
reflux for lh then cooled, treated with saturated aqueous 
sodium hydrogen carbonate solution and extracted with 
methylene chloride (5x30.0 ml) to yield 2-(ethoxymethyl)-
pyrimidine (29a; X=OElt)as an amber oil 0.3 g; 100%) which 
was purified by high vacuum distillation to afford a 
colourless oil, b.p. 50 ° /0.lmmHg, v max  1565 cm 	6(CDC1 3 ) 
8.64 (2H, d, J5.OHz, H-4 and H-6), 7.10 (1H, t, J5.OHz, 11-5), 
4.65 (2H, s, Cr1 2 ), 3.61 (211, q, J7.OHz, CE 2 ), and 1.21 (3H, 
t, J7.OHz, CH 3). 
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Found: C, 60.7;,H, 7.6; N, 20.3%; (M_QzC.F4CH. I, 94. 
C 7H 10N 20 requires: C, 60.9; H, 7.3; N, 20.3%; M , 138. 
4, 6-Dimethyl-2--(ethoxymethyl)pyrimidine (29b; XOEt) 
A solution of 5,7-dimethyl-1,2,3-triazolott,5-a]pyrimidine 
(22b) (0.3 g, 0.002 mol) in anhydrous ethanol (10.0 ml) was 
treated with stirring with aqueous perchioric acid (S.G.1.70) 
(0.5 ml) at room temperature. 	The mixture was stirred at 
room temperature fot 15 mm, then quenched with saturated 
aqueous sodium hydrogen carbonate solution and extracted 
with methylene chloride (3x,30.0 ml) to give 4,6-dimethyl-2-
(ethoxymethyl)pyrixnidine (29b; X=OEt) as a red oil (0.34 g; 
100%) which was purified by high vacuum distillation to give 
a colourless oil, b.p. 75°/0.5mmHg, u 	1595 cm 1 , S(CDC1 3 )max 
6.78 (1H, brs, H-5), 4.51 (2H, s, CH 2 ), 3.55 (2H, q, J7.OHz, 
2.34 (6H, s, CH 3 -4 and CH 3 -6), and 1.15 (3H, t, J7.QHz, 
CH 3 ). 
Found: C, 64.9; H, 8.5; N, 17.0%; (M_QCMCJ43), 122 
C 9H 14N20 requires: C, 65.0; H, 8.5; N, 16.9%; M , 166 
2-(Ethoxyrnethyl)-6-methylpyrimidin-4(311)-one (31e) 
An unresolved mixture of 5-methyl-1 ,2,3-triazoloti,5-a]-
pyrimidin-7(4H)-one (25) and 7-methyl-1 ,2,3-triazolo[1,5-a]-
pyrimidin-5(4u)-one (26) (0.3 g, 0.002 mbl) in anhydrous 
ethanol (10.0 ml) was treated with aqueous perchloric acid 
(S.G. 1.70) (0.5 ml) and the mixture was heated under reflux 
for lh. 	The cooled solution was treated with saturated 
aqueous sodium hydrogen carbonate solution and extracted 
with methylene chloride. (5x30.0 ml) to yield the known 91 
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2- (ethoxymethyl)-6-methylpyrimidin-4 (3H) -one (31e) as a 
gummy solid (0.3 g; 82%) which was purified by high vacuum 
distillation to give a colourless crystalline solid, m.p. 
66 0 , b.p. 110 ° !0.4mmHg, (lit., 91  720), vmax  1675 br (CO), 
5(CDC1 3 ) 6.13 (1H, 	i 5,CH3-6  0.7Hz, H-5) , 4.36 (2H, s, 
Cr12 ), 3.59 (2H, q, J7.OHz, Cr1 2 ), 2.20 (3H, d, i 5,CH 	0.7Hz,. 3 6  
CH 3 -6), and 1.22 (3H, t, J7.OHz, Cr1 3 ). 
Found: C, 57.0; H, 7.4; N, 16.5%; M, 168 
Calc. for C 8 H 12N 2 0 2 : C, 57.1; H, 7.2; N, 16.7%; M , 168 
Reaction of 5-Amino-1H-1 ,2,3-triazole-4-carboxylic Acid 
(18) with Malondialdehyde Dimethylacetal in the Presence 
of Hydrochloric Acid 
(a) A solution of 5-amino-1H-1,2,3-triazole-4-carboxylic 
acid (18) (2.1 g, 0.016 Inol) in ethanol (200 ml) was stirred 
and treated at room temperature with concentrated hydro-
chloric acid (5.0 ml) followed by malondialdehyde dimethyl-
acetal (2.7 g, 0.016 mol). 	The mixture was stirred at room 
temperature for lh then heated under reflux for 15 mm. 
Gas evolution occurred and the solution was evaporated to 
leave a viscous liquid which was treated with water (40.0 ml) 
then neutralised with 2M aqueous sodium hydroxide solution 
and glacial acetic acid. 	Extraction with methylene chloride 
(4x40.0 ml) yielded a brown mobile oil (2.1 g) which was 
flash-chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:4) 
gave 2-(chloromethyl)pyrimmdmne (29a; XC1) as an amber oil 
(0.9 g; 42%), which was identical (i.r. spectrum) to an 
authentic sample prepared before. 
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Elution with ethylacetate gave 2-(ethoxymethyl)pytimidine 
(29a; XOEt) as a yellow oil (0.9 g; 41%) which was identical 
(i.r. spectrum) to an authentic sample prepared before. 
A solution of 5-amino-1H-1,2,3-triazole-4-carboxy-
lic acid (18) (1.3 g, 0.01 mol) in ethanol (100 ml) was 
stirred and treated at room temperature with concentrated 
hydrochloric acid (5.0 ml) followed by malondialdehyde 
dimethylacetal (1.6 g, 0.01 mol). 	The resulting solution 
was stirred at room temperature for lh then concentrated at 
room temperature to remove the ethanol. 	The residue was 
treated with concentrated hydrochloric acid (10.0 ml) and the 
solution was heated at 100° (boiling water bath) for 20 mm. 
The cooled solution was neutralised with 10M aqueous sodium 
hydroxide solution then extracted with methylene chloride 
(4x30.0 ml) to give a yellow oil which was flash-chromatogra-
phed over silica. 
Elution with ethylacetate-methylene chloride (1:6) gave 
2-(chloromethyl)pyrimidine (29a; XrCl) as a clear oil, (0.9 g; 
73%) identical (i.r. spectrum) to an authentic sample prepared 
before. 
Further elution with ethylacetate gave 2-(ethoxymethyl)-
pyrimidine (29a; X=OEt) as a clear oil (0..1 g; 10%) which 
was identical (i.r. spectrum) to an authentic sample prepared 
before. 
A solution of 5-amino-1H-1,2,3-triazole-4-carboxylic 
acid (18) (0.5 g, 0.004 mol) in ethanol (40.0 ml) was stirred 
and treated with concentrated hydrochloric acid (2.0 ml) 
followed by malondialdehyde dimethylacetal (0.7 g, 0.004 mol) 
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and the mixture was stirred at room temperature for lh. 
The solution was concentrated, to approximately one half 
of the original volume at room temperature, then diluted 
with water (20.0 ml). 	The solution was again concentrated 
to remove any remaining ethanol and the resulting suspension 
was treated with water (10.0 ml) and heated at 1000  (boiling 
water bath) for lh. 	The cooled solution was neutralised 
with 214 aqueous sodium hydroxide solution and glacial acetic 
acid then continuously extracted with methylene chloride for 
6h to give a yellow oil (0.4 g) which was flash-chromatographed 
over silica. 
Elution with ethylacetate-methylene chloride (1:1) 
afforded 2-(chloromethyl)pyrimidine (29a; X=Cl) as a colour-
less oil (0.1 g; 23%), identical (i.r. spectrum) to an 
authentic sample prepared before. 
Further elution with ethylacetate gave 2-(hydroxymethyl)-
pyrimidine (29a; X=OH) as a colourless oil (0.25 g; 57%) 
identical (i.r. spectrum) to an authentic sample prepared 
before. 
The Reaction of 5-Amino-1fl-1,2,3-triazole-4-carboxylic Acid 
(18) with Nalondialdehyde Dimethylacetal in the Presence of 
Aqueous Sulphuric Acid 
5-Amino-UI-1 ,2,3-triazole-4-carboxylic acid (18) (0.5 q, 
0.004 mol) was added to 20% w/v aqueous sulphuric acid (10.0 
ml) and dissolved by warming. 	The cooled solution was 
treated with rnalondialdehyde dimethylacetal (0.7 g, 0.004 
mol) causing a colourless solid to precipitate and the suspen-
sion was stirred at room temperature for ih and then heated 
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at 100 ° (boiling water bath) for lh. 	Gas evolution 
occurred and the resulting amber solution was neutralised 
with iON aqueous sodium hydroxide solution and 2M aqueous 
hydrochloric acid and continuously extracted with methylene-
chloride for 6h to give 2-(hydroxymethyl)pyrimidine (29a; 
X=OH) as a mobile brown oil (0.3 g; 68%), identical (i.r. 
spectrum) to an authentic sample prepared as described in 
(a) before. 
The Reaction of 5-Amino-1H-1,2,3-triazole-4-carboxylic Acid 
(18) with Malondialdehyde Dimethylacetal in the Presence of 
Ref luxing Glacial Acetic Acid 
A solution of 5-amino-Ui--1 ,2,3-triazole-4-carboxylic 
acid (18) (0.5 g, 0.004 ruol) in glacial acetic acid (10.0 
ml) was treated with malondialdehydeditnethylacetal (0.7 g, 
0.004 mol) and the mixture was heated under reflux for ih 
and then evaporated to leave a viscous brown oil which was 
flash-chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:10) 
qI 
gave 2-(acetoxymethyl)pyrimidine (29a; X=ObMe) as a mobile 
oil (0.3 g; 44%), identical (i.r.spectrum) to a sample 
prepared as described in (a) before. 
The Reaction of 5-Amino-1H-1,2,3-triazole-4-carboxylic Acid 
(18) with Acetylacetone in the Presence of Hydrochloric Acid 
5-Amino-1H-1,2,3-triazole-4-carboxylic acid (18) (0.5 g, 
0.004 mol) was dissolved with heating in ethanol (40.0 ml). 
The solution was cooled to room temperature, stirred, and 
treated with concentrated hydrochloric acid (2.0 ml) followed 
by acetylacetone (0.4 g, 0.004 mol) and the mixture was 
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stirred at room temperature for lh. 	The resulting solution 
was concentrated at room temperature to remove the ethanol 
and the gummy residue was treated with concentrated hydro-
chloric acid (2.0 ml) then heatedat 1000  (boiling water 
bath) for 15 mm. 	The cooled acidic solution was neutralised 
with 2M aqueous sodium hydroxide solution and glacial acetic 
acid then extracted with methylene chloride (4x30.0 ml) to 
afford 2- (chloromethyl) -4 ,6-dimethylpyrimidine (29b; X=Cl) 
as a colourless solid (0.6 g; 97%), m.p. 57 0 , identical 
(i.r. spectrum) to an authentic sample prepared as described 
in (a) before. 	 - 
The Reaction of 5-Amino-1H-1,2,3-triazole-4-carboxylic Acid 
(18) and Acetylacetone in the Presence of Aqueous Sulphuric 
Acid 
A suspension of 5-amino-iF-1 ,2,3-triazole-4-carboxylic 
acid (18) (0.5 g, 0.004 mol) in 20% w/v aqueous sulphuric 
acid (10.0 ml) was stirred and treated with acetylacetone 
(0.4 g, 0.004 mol) then heated at 100 0 (boiling water bath) 
with stirring for lh. 	The resulting solution was neutralised 
with 2M aqueous sodium hydroxide solution and 2M aqueouS 
hydrochloric acid and then continuously extracted with 
methylene chloride for 4h to give 4,6-dimethyl-2-(hydroxy-
methyl)pyrimidine (29b; X=OI-I) as a pale brown solid (.0.5 g; 
89%), identified by comparison (m.p. and i.r. spectrum) with 
an authentic sample prepared as described before. 
II 
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The Reaction of 5-Ainino-1H-1 ,2,3-triazole--4-carboxylic 
Acid (18) with Acetylacetone in the Presence of Glacial 
Acetic Acid 
A solution of 5-amino-1,2,3-triazole'--4-carboxylic acid 
(18) (0.51g, 0.0004 mol) in glacial acetic acid (10.0 ml) 
was treated with acetylacetpne (0.4 g, 0.004 mol) and the 
solution was heated under reflux for lh. 	The mixture was 
evaporated to leave a brown semi-solid which was flash-
chromatographed. over silica. 
Elution with ethylacetate-methylene chloride (1:1) gave 
2-(acetoxymethyl)-4,6-dimethylpvrimidine (29b; XOCMe) as 
a mobile oil (0.4 g; 57%), which was identical (i.r. spectrum) 
to an authentic sample prepared as described in (a) before. 
The Attempted Reaction of 5-Amino-lW-1 ,2, 3-triazole-4-
carboxylic Acid (18) with Ethyl Acetoacetate in the Presence 
of Aqueous Sulphuric Acid 
5-Amino--1H-1,2,3-triazole.-4-carboxylic acid (18) (0.51 
g, 0.004 mol) was dissolved with warming in 20% w/v aqueous 
sulphuric acid (10.0 ml) and the cooled solution was treated 
with ethyl acetoacetate (0.52 g, 0.004 mol) and the mixture 
stirred at room temperature for 30 min then heated at 1000 
(boiling water bath) for lh. 	The cooled solution was neutra- 
lised with IOM aqueous sodium hydroxide solution and 2M 
aqueous hydrochloric acid then extracted continuously with 
methylene chloride for 12h to give no identifiable material. 
Attempted Oxidation Reactions of 2-(Hydroxymethyl)pyrimidine 
(29a; X=OH) 
(a) A solution of 2-(hydroxymethyl)pyrimidine (29a; X0H) 
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(0.22 g, 0.002 mci) in 70% w/v aqueous acetic acid (10.0 
ml) was carefully treated with chromium trioxide (0.22 g) 
and the mixture was heated at 100° (boiling water bath) 
for 30 mm. 	The mixture was concentrated and 'the purple 
residue was treated with water (10.0 ml) and extracted with 
methylene chloride (4x20.0 ml) to yield no material. 	The 
acidic aqueous mother liquor was neutralised with 2M 
aqueous sodium hydroxide solution and glacial acetic acid 
and extracted continuously with methylene chloride for 16h 
to give no material. 
A solution of 2-(hydroxymethyl)pyrimidine (29a; 
X=OH) (0.22 g, 0.002 mol) in water (50 ml) was cooled to 
0-5° (ice-salt bath) and treated dropwise with stirring over 
15 min with 10-14% w/v aqueous sodium hypochlorite solutiOn 
(10.0 ml). 	The mixture was stirred at 0-5° for a further 
30 min then neutralised with concentrated hydrochloric acid; 
2M aqueous hydrochloric acid, and 2M aqueous sodium hydroxide 
solution. 	The neutral aqueous solution was extracted con- 
tinuously with methylene chloride for lOh to give a clear 
viscous oil (0.2 g) which was purified by high vacuum 
distillation to yield unreacted 2-(hydroxymethyl)pyrimidine 
(29a; X=OH) (0.03 g; 14%), b.p. 100°/1.5mmHg, identical 
(t.l.c. in ethylacetat'e over silica and i.r. spectrum) to 
an authentic sample. 
A solution of 2-(hydroxymethyl)pyrimidirie (29a; 
XOH). (0.22 g, 0.002 mol) in anhydrous benzene (10.0 ml) 
was stirred and treated with activated manganese dioxide 
(0.7 g, 0.008 mol). 	The suspension was stirred at room 
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temperature for 2h then, since t.l.c. of the mixture in 
ethykcetate over silica showed the presence of only the 
starting-material, heated under ref lux for iSh. 	The mixture 
was filtered, and the filtrate was evaporated to leave a 
clear oil (0.07 g), whose t.l.c. in metlanol-ethylacetate 
(1:2) showed it to be a mixture of unreacted 2-(hydroxy-
methyl)pyrimidine (29a; X=OH) and a second unidentified 
component. 
Extraction of the residual manganese dioxide with 
boiling ethy4cetate yielded no further organic material. 
(d) Repetition of the reaction described in (c) but 
using an increased quantity of activated manganese dioxide 
(2.8 g, 0.032 mol) gave no identifiable organic material. 
The Attempted Oxidation of 4,6-Dimethyl-2-(hydroxymethyl)-
pyrimidine (29b; XOH) 
A solution of 4, 6-dirnethyl-2- (hydroxymethyl)pyrirnidine 
(29b; X=OH) in anhydrous dimethyl suiphoxide (2.5 ml) was 
heated under ref lux while air was bubbled through the 
solution for 3.5h. 	The resulting black solution was diluted 
with water (10.0 ml) and extracted with diethyl ether (10x20.0 
ml) to yield no material. 
Evaporation of the aqueous mother liquor gave a black 
intractable solid (0.26 g), m.p.>350°, from which no 
identifiable material could be obtained. 
2-(Azidomethyl)pyrimidine (32) 
A solution of the corresponding 2-(chloromethyl)pyrirnidirie 
derivative (29 ; X=Cl) (0.01 mol) and sodiuhi azide (1.30 g, 
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0.02 mol) in 70% v/v aqueous ethanol (20.0 ml) was stirred 
and heated under reflux for 1.5h. 	The mixture was con- 
centrated to remove the ethanol then diluted with water 
(20.0 ml) and extracted with methylene chloride (5x20.0 ml) 
to yield the corresponding 2-(azidomethyl)pyrimidine (32), 
which was purified by high vacuum distillation. 
2- (Chloromethyl)pyrimidine (29a; X=Cl) yielded 
2-(azidomethyl)pyrimidine (32a) as a colourless oil (95%), 
b.p. 40°/0.25mmHq, Umax 2100 br (NEN) and 1565 cm- 1  , 6(CDC1 3 ) 
8.71 (2H, d,J4 s and 5,6 5 ! 0, H-4 and H-6), 7.22 (1H, t 1 
4,5 and 5,6 5.0Hz, H-5), and 4.52 (2H, s CH 2 ). 
Found: C, 44.6; H, 3.7; N, 51.6%; L1, 135 
CsHcN requires: C, 44.4; H, 3.7; N, 51.8%; M , 135 
2-(Chloromethyl)-4,6-dimethylpyrimjdin6 (29b;. XCl) 
yielded 2-(azidomethyl)-4,6-dimethylpyrimidjne (32b) as a 
colourless oil (100%), b.p. 70°/0.3ni±nHg., Umax  2100 br (NEN) 
and 1595 cm 1 , 6(CDC1 3 ) 6.83 (1H, brs, H-S), 4.32 (2H, s, CH 2 ), 
and 2.35 (6H, s, CH 3 -4 and CH 3 -6). 
Found: 	(FAB, M+H) , 164.0936 
C 1 H 0N(+H) requires: 	 M, 164.0936 
The Attempted Thermolysis of 2-(Azidomethyl)pyrimidine (32a) 
A solution of 2-(azidomethyl)pyrimidine (32a) (0.27 g, 
0.002 mol) in anhydrous xylene (25.0 ml) was heated under 
ref lux for 6h. 	The solution was evaporated to leave the 
unreacted azide (32a) as a brown oil (0.27 g, 100%), 
identical (i.r. spectrum) to an authentic sample. 
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The Attempted Acid-catalysed Decomposition of 2-(Azido-
methyl)pyrimidine (32a) 
(&)A solution of 2-(azidomethyl)pyrimidine (32a) (0.27 g, 
0.002 mol) in ethanol (5.0 ml) was treated .with .2M aqueous 
hydrochloric acid (2.5 ml) and the mixture was stirred and 
heated under reflux for lh. 	The mixture was neutralised 
with 2M aqueous sodium hydroxide and glacial acetic acid, 
then extracted with methylene chloride (6x20.0 ml) to give 
the unreacted azide (32a) as a brown oil (0.19 g; 70%), 
identical (i.r. spectrum) to an authentic sample. 
(b) A solution of 2-(azidomethyl)pyrimidine (32a) (0.27 
g, 0.002 md) in glacial acetic acid (10.0 ml) was stirred 
and heated under reflux for 2h. 	The solution was evaporated 
and the resulting oil (containing acetic acid) was treated 
with saturated aqueous sodium hydrogen carbonate solution 
and extracted with methylene chloride (4x20.0 ml) to afford 
the unreacted azide (32a) as a brown oil (0.16 g; 60%), 
identical (i.r. spectrum) to an authentic sample. 
The Attempted Photolysis of 2-(Azidomethyl)pyrimidine (32a) 
A solution of 2-(azidoinethyl)pyrimidine (32a) (0.54 g, 
0.004 mol) in absolute ethanol (200 ml) was irradiated at 
254nm under nitrogen in a Hanovia medium pressure photo-
chemical reactor at room temperature for 2h. 	The resulting 
solution was evaporated to leave a red-otange gum (0.7g) , 
max 3500-3100, 2030 and 1630 hr cm- 1,  which was flash-
chromatographed over silica. 
Elution with methanol gave only an intractable brown 




A solution of the corresponding 2-(azidomethyl)-
pyrirnidine (32)) (0.015 mol) in absolute ethanol (140 ml) 
was hydrogenated over 10% palladium-on-charcoal (0.36 g) 
at room temperature and 2atm. pressure for Sh. 	The 
mixture was filtered through celite and the filtrate was 
evaporated at room temperature to yield the respective 
2-(aminomethyl)pyrimidines (33;,) which were purified by 
distillation under high vacuum. 
The known 97 2-(aminomethyl)pyrimidine (33a) was 
obtained as a colourless unstable oil (100%), b.p. 50°/0.4 
mmHg, (lit., 97  b.p. no details), Umax  3500-3300 (NH 2 ) and 
1570 cm 1 , 6(CDC1 3 ) 8.71 (2H, d, J45 and 5,6 5.0Hz, H-4 
and H-6), 7.00 (1H, t1 J 4,5 and 5,6 5.0Hz,. H-5) 	3.93 (2H 1 
s, CU2 ), and 1.81 (2H, brs, NH 2 ). 
Found: 	I4, 109.0646 
Calc. for C 5H7N 3 : 	M , 109.0640 
2-(Aminomethyl)pyrimidine (33a) on standing at room 
temperature and even at >00  proved to be unstable, turning 
from an oil to an uncharacterisable semi-solid. 
The known 75 2-(aminomethyl)-4 , 6-dimethylpyrimidine 
(33b) was obtained as a colourless unstable oil (100%), 
b.p. 65 0 /0.2mmHg, 	(lit. , 75 m.p. 168'), 	350,0-3200 
(NH 2 ) and 1595 cm 1 , 6(CDC1 3 ) '6.81 (1H, s, H-b), 3.94 (2H, 
s, CH 2 ), and 2.39 (6H, s, CH 3-4 and CH 3 -6) which on standing 
at room temperature was converted into an intractable solid. 
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The Reaction of 2-(Aminomethyl)pyrimidine (33a). with 
Sodium Nitrite in Aqueous Hydrochloric Acid 
A solution of 2-(aminomethyl)pyrimidine (33a) (0.44 g, 
0.004 mol) in 10% v/v aqueous hydrochloric acid (10.0 ml) 
was cooled to 0° (ice-salt bath) and treated dropwise with 
stirring at 0-5° with a solution of sodium nitrite (0.34 g, 
0.005 mol) in water (2.0 ml). 	The mixture was stirred at 
05° for lh then neutralised with 2M aqueous sodium hydroxide 
solution and glacial acetic acid and extracted continuously 
with methylene chloride for 48h to yield a brown oil (0.2 g), 
whose t.l.c. in ethanol over silica showed the presence of 
2-(chloromethyl)pyrimidine (29a; X=Cl). 	The oil was f lash- 
chromatographed over silica. 
Elution with ethyl acetate gave a gummy solid (0.12 g) 
which was washed with ether and the resulting solid (0.08 g) 
purified by distillation under high vacuum to yield colourless 
crystals 4w- nrkcosci-d i. (pyr mn-2-yLrnekhy[), LYc- 
- 	)n.p. 84°, b.p. 170°/0.5 mmHg, Umax  1565 cm 1 , 
5(CDC1 3 ) 8.72 (2H, d, J5.OHZ, H-4 and H-6 or 11-4' and H-6'), 
8.60 (211, d, JS.OHz, 11-4 and H-6 or H-U and H-6') , 7.25 (1H, 
t, J5.OHz, H-S or 11-5'), 7.12 (111, t, J5.OHz, H-S or 11-5'), 
5.82 (2H, 5, CM 2 ), and 5.13 (211, s, CH 2 ). 
Found: C, 52.0; H, 4.2; N, 36.9%; M, 230.1053 
C 10H 10N6 0 requires: C, 52.2; H, 4.4; N, 36.5%; M , 230.1055 
2-(Azidomethyl) -6-methylpyrimidin-4 (3) -one (35) 
(a) A mixture of 2-(chloromethyl)-6-methylpyrimidin-
4(3H) -one (31a) (2.0 g 0.013 ml) and sodium azide (1.6 g, 
0.025 mol) in 70% v/v aqueous ethanol (20.0 ml) was heated 
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under reflux for 30 mm. 	The mixture was concentrated 
to remove the ethanol, and the residue was treated with 
water (20.0 ml) and the solution neutralised with 2M 
aqueous hydrochloric acid and 214 aqueous sodium hydroxide, 
solution, filtered to remove some insoluble material then 
continuously extracted with methylene chloride for 18h to 
give an orange solid (1.4 g) which was flash-chromatographed 
over silica. 
Elution with ethyl acetate-methylene chloride (1:1) 
gave 2-(azidomethyl)-6-methylpyrimmdmn-4(311)-one (35) as a 
colourless solid (1.2 g; 59%) which formed colourless 
diamond-shaped crystals, m.p. 109° (decomp.) (from ethyl 
acetate-light petroleum), v 	2130 (NEN) and 1655 br (CO)max 
1 cm, 6(CDC1 3 ) 6.24 (1ff, brs, H-5) , 4.34 (2H, 5, CH2 ) , and 
2.31;(3H, d, 1 5 C 	0.8ffz, CH 3 -6). 
Found: 165.0653 
C6 H7N5a requires: 14 , 165.0651 
Further elution with ethanol afforded only small amounts 
of yellow guns from which no identifiable material could be 
obtained. 
(b) 2 - (Chloromethyl)-6-methylpyrimjdjn-4(3H)-one (31a) 
(0.32 g, 0.002 mel) and sodium azide (0.26 g, 0.004 mol) 
in 70% v/v aqueous 1,4-dioxane (10.0 ml) was stirred and 
heated under reflux for lh. 	The solution was concentrated 
to remove the dioxane, diluted with water (15.0 ml) and 
neutralised with glacial acetic acid. 	The neutral solution 
was then extracted continuously with methylene chloride for 
17h to give an orange gum (0.25 g) which was flash-chromato-
graphed over silica. 
240 
Elution with ethylacetate methylene chloride (1:1) 
gave 2-(azidomethyl) -6-methylpyrimidin-4 (311)-one (35) as 
a colourless solid (0.13 g; 39%), m.p. 107° (decomp.) which 
was identified by comparison (i.r. spectrum) with a sample 
prepared in (a) before. 
Subsequent elution with ethyl acetate then methanol 
gave only small amounts of uncharacterised gums. 
A mixture of 2-(chloromethyl)-6-methylpyrimidin-
4(3W-one (31a) (0.32 g, 0.002 mol) and sodium azide (0.26 g, 
0.004 mol) in 70% v/v aqueous ethanol (10.0 ml) was stirred 
and heated at 50° (water bath) for lh. 	The solution was 
concentrated to remove the ethanol, diluted with water 
(10.0 ml) and the pH adjusted to 7 with glacial acetic acid. 
Extraction of the aqueous solution with methylene chloride 
(5x20.0 ml) gave a colourless solid (0.2 g), m.p. 135°, whose 
i.r. spectrum showed it to be a mixture of the starting 
chloromethylpyrimidinone (31a) and the azide (35). 
A mixture of 2-(chloromethyl)-6-methylpyrimidin-
4(3W-one (31a) (0.32 g, 0.002 mol) and sodium azide (0.24 g, 
0.004 mol) sn 70% v/v aqueous ethanol (10.0 ml) was stirred 
at room temperature for 2h. 	The solution was concentrated 
to remove the ethanol diluted with water (15.0 ml), and 
the pH of the solution adjusted to 7 by the addition of a 
few drops of glacial acetic acid. 	The aqueou.s mixture was 
extracted with methylene chloride (5x20.0 ml) to give a 
colourless solid (0.2 g), m.p. 152°, whose i.r. spectrum showed 
it to be a mixture 	the unreacted chloromethylpyrimidinone 
(31a) and the azide (35) 
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(e) A mixture of 2-(chloromethyl)-6-methylpyrimidin-
4(311)-one (31a) (0.32 g, 0.002 mol) and sodium azide (0.26 
g, 0.004 mol) in ethanol (10.0 ml) was stirred and heated 
under reflux for 1.5h. 	The mixture was evaporated and 
the residue was diluted with water (10.0 ml) and the 
precipitated solid collected and combined with a second 
crop obtained by neutralising the aqueous mother liquor with 
glacial acetic acid to afford the unreacted chlottmethyl-
pyrimidinone (3I) (0.3 g; 94%), m.p. 160 0 , identical (m.p. 
and i.r. spectrum) to an authentic ample prepared before. 
2-(Aniinomethyl)-6-methylpyrimidih-4(3H)-one (36) 
A solution of 2-(azidométhyl)-6-methylpyrimidin-4(3H)-
one (35) (1.3 g, 0.008 mol) in absolute ethanol (140 ml) 
was hydrogenated over 10% palladium-on-charcoal (0.2 q) at 
room temperature and 2 atm. pressure for Sh. 	The mixture 
was then filtered through celite and the filtrate was 
evaporated to yield the known 98 2-(aminomethyl)-6-nethyl-
pyrintidin-4(3M)-.one (36) as a Otearn solid (1.1 g; 100%), 
m.p. 163° (deconipj, [lit., 98  nt.p. 274° (hydrobromide)], 
V 	3200-2200 (NH,OH) , 1580 br cm 1 , 	NCD3)2SO] 6.02max 
(111, brs, H-S), 3.53 (2H, 5, CU 2 ), and 2.15 (3H, d, J- CU -6 
3 
0.8Hz, CH 3 -6), which defied all attempts at crystallisation. 
Found: M, 139 
C 6 H 9 N  3 0 requires: fri , 139 
2-(Acetamidomethyl)-6-methylpyrimidin-4(31I)-one (37) 
2-(Aminomethyl)-6-methylpyrimidin-4(3H)-one (36) (0.28 
g, 0.002 mol) in glacial acetic acid (10.0 ml) was heated 
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under reflux for 2h. 	The solution was evaporated to 
leave a cream solid (0.39.g), m.p. 2000,  which was flash-
chrQmatographéd over silica. 
Elution with ethanol gave 2-(acet7 amidomethyl)-6- 
methylpyrimidin-4(3H)7one (37) 	as a cream solid (0.36 g; 
100%) which formed colourless crystals, m.p. 205° (from 
ethanol-ethylacetate), Umax  3310 (NH), 1660 br (CO) , and 
1615 cm- 1, 6[(CD 3 ) 2 SO] 12.13 (1H, brs, NH), 8.27 (1H, brt, 
J5.4Hz, NH), 6.04 (1H, 12Cd, '5 OH -6 0.6Hz, H-5), 4.10 (2H, 
'3 
d, J5.8Hz, OH2 ), 2.15 (3H, d, J 5 CH
3
- 6  0.7Hz, CH 3 -6), and 1.88 
(3H, 5, CH 3 ). 
Found: C, 53.3; H, 6.1; N, 23.2%; M, 181 
Calc. for C 8 H 11 N 3 0 2 : C, 53.0; H, 6.1; N, 23.2%; £4 , 181 
2- (FormQmidomethyl)pyrimidine (ISa) 
A solution of 2-(aminomethyl)pyrimidine (33a) (1.5 g, 
0.013 mol) in 98-100% formic acid (42.0 ml) was heated under 
reflux for 4h. 	The mixture was evaporated to give a viscous 
brown oil (2.0 g) which was flash-chromatographed over silica. 
Elution with ethanol-ethylacetate (1:9) gave 2-(forma-
midomethy])pyrimidine (38a) (0.7 g; 40%) which formed 
colourless crystals, m.p. 78 ° , b.p. 120°/0.3mmHg., V 
max 
3350 (NH), and 1680 br (CO) cn, 	(CDC1 3 ) 8.67 (2H, d, 
and 5,6 5.0Hz, H-4 and H-6), 8.32 (1H, brs, CHO), 7.19 
(1H, t, 14 5and 5,6 5.0Hz, H-5), 7.19-6.75 (1H, brs, NH), 
and 4.70 (2H, d, J5.OHz, CH 2 ). 
Found: C, 52.7; H, 5.2; N, 30.9%; M, 137 
CF) H 7NO requires: C, 52.6; H, 5.2; N, 30.6%; M , 137 
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Further elution with ethanol-ethylacetate (1:9) 
afforded an unresolved gummy solid fraction (0.6 g) whose 
t.l.c. in ethanol over silica showed it to contain 
2-(formamidomethyl)pyrimidine (38a) plus other components. 
2- (Acaamidomethyl)pyrimidine (38b) 
A solution of 2-(aminomethyl)pyrimidine (33a) (0.44 g, 
0.004 mol) in glacial acetic acid (20.0 ml) was heated under 
reflux for lh. 	The solution was evaporated to give a brown 
oil (0.6 g) which was flash-chromatographed over silica. 
Elution with ethanol-ethylacetate (1:10) gave 2-
(acetan-iidomethyl)2yrimidine (38b) as a colourless solid 
(0.3 g; 55%) which was purified by high vacuum distillation 
to give colourless needles, m.p. 77°, b.p. 130 ° /0.3mmHg, 
v  max 3290 (NH), and 1645 (CO) cm 1 , 	(CDC1 3 ) 8.60 (2H, d, 
4,5 and 5,6 5.0Hz, H-4 and H-6), 7.12 (1H, t, J 45 and 5,6 
5.0Hz, H-5) , 7.12-6.75 (lB., brs, NH), 4.58 (2H, d, J5.0Hz, CH 
2 ),
and 2.00 (3H, s, CH 3 ). 
Found: C, 56.1; H, 5.9; N, 28.1%; M, 151 
C 7 H9N30 requires: C, 55.6; H, 6.0; N, 27.8%; M , 151 
Further elution through to methanol gave only negligible 
amounts of gums. 
Imidazo[ 1 , 5-a]pyrimj.dines (39.) 
A solution of the corresponding 2-(acylamino)pyrimidine 
(38) (0.002 mol) and phosphoryl chloride (1.5 g, 0.01 mol) 
in anhydrous 1,2-dichloroethane (25.0 ml) was stirred and 
heated under reflux for .4h. 	The resulting mixture was 
evaporated and the residue was treated with 2M aqueous sodium 
244 
hydrogen carbonate solution (20.0 ml) and extracted with 
ethyl acetate (6x20.0 ml) to afford the corresponding 
imidazo [1 , 5-al pyrimidine derivative. 
The known  imidazo[ 1 , 5-a]pyrimidine (39a) was 
obtained from 2-formamidomethylpyrimidine (38a) as a pale 
yellow solid (0.2 g; 88%) which was purified by sublimation 
at 90 0 /0.2rnmHg, to give colourless crystals., m.p. 120 0 
(lit., 7 130 0 ), V 	 1620 cm, 6(CDC1 3 ) 8.23-8.12 (2H, m,max 
H-4 and H-2), 8.01 (1H, S, H-6), 7.62 (1H, 5, H-B), and 
6.54 (1H, dd, 134 6.7 an J23 4.1Hz; H-3). 
Found: C, 60.1; H, 4.2; N, 35.2%; M, 119 
Calc. for C 5 H 5  N 3 : C, 60.5; H, 4.2; N, 35.3%; N , 119 
6-Meth4imidazof 1 , 5-alpyrimidine (39b) was obtained 
from 2-acetamidomethylpyrimidine (38b) as a yellow solid 
(0.1 q; 38%) which formed yellow crystals, m.p. 142° (from 
ethyl acetate), vmax  1605 cm 1 , 6(CDC1 3 ) 8.06 (1H, dd, 
3.6 and J24 1.7Hz, H-2), 7.96 (1H, ddd, J34 7.3, 
J24 1.6, J48 0.9Hz, H-4), 7.51 (1H. d, J48 0.9Hz, H-8), 
6.50 (1H, dd, J34 7.3 and J23 3.6Hz, H-3), and 2.61 (3H, 
5, CH 3 -6). 
Found: C, 63.1; H, 5.1; N, 31.6%; M, 133 
C 7 H 7 N  3 requires: C, 63.1; H, 5.3; N, 31.6%; N , 133 
1- (Pyrimidin-2-yl)nethyl-3-phenylthiourea (40a) 
A solution of 2-(aminomethyl)pyrimidine (33a) (1.1 g, 
0.01 mol) in anhydrous xylene (25.0 ml) was treated with 
phenyl isothiocyanate (1.4 g, 0.01 inol) and the solution 
was stirred at room temperature for 42h. 	The mixture was 
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filtered and the solid was combined with a second crop 
obtained by evaporating the xylene mother liquor and flash-
chromatographing the oil obtained over silica eluting with 
methylene chloride to remove unreacted phenyl isothiocyanate 
(0.25 g; 19%) identical (i.r. spectrum) to an authentic 
sample, then with ethylacetate-methylene chloride, to give 
1-(pyrimidin-2-yl)methyl-3-phenylthiourea (40a) (total 1.7 g; 
71%) which formed colourless needles, m.p. 135° (from 
toluene), Umax 3360 and 3210 br (NH), and 1565 cm 1 , 
6(CDC1 3 ) 8.60 (2H, d, J 4,5 and 5,6 5.OHz,H-4 and H-6), 
7.69 (iF, brt, J4.OHz, NH), 7.34 (SH, s, ArE), 7.15 (1H, t, 
4,5 and 5,6 5.0Hz, H-5), and 5.03 (2H, d, J4.OHz, CH 
2 ). 
Found: C, 58.9; H, 5.2; N, 23.2%; M, 244 
C 12H 12 N4 S requires: C, 59.0; H, 5.0; N, 22.9%; M , 244 
1- ( 4 ,6 -Dimethylpyrimidin-2-yl)niethyl-3-phenylthiourea (40b) 
A solution of 2-(aminomethyl) -4, 6-dimethylpyrimidine 
(33b) (0.28 g, 0.002 mol) in anhydrous xylene (10.0 ml) was 
treated with phenyl isothiocyanate (0.27 g, 0.002 mol) and 
the solution was stirred at room temperature for 17h. 
Filtration afforded 1- (4, 6-dimethylpyrimidin-2-yl)methyl-
3-phenylthiourea (40b) as a colourless solid (0.46 g; 88%) 
which formed large colourless needles, m.p. 193 ° (from 
ethanol-toluene), U max 3340 and 3200 (NE), and 1595 cm -1 
5(CDC1 3 ) 8.38 (1H, brs, NH), 7.91 (1H, brt, NH), 7.35 (SE, 
s, ArH), 6.86 (1H, brs, H-5), 4.88 (2H, d, J4.OHz, CH 
2 ), 
and 2.36 (6H, 5, CH 3 -4 and CH 3 -6). 
Found: C, 62.2; H, 5.9; N, 20.7%; M, 272 
C 14 H 1 N4 S requires: C, 61.8; H, 5.9; N, 20.6%; M , 272 
The xylene mother liquor was evaporated at room 
temperature to leave a mobile oil (0.1 g) whose t.l.c. in 
methylene chloride over silica showed it to be a multi-
component mixture which was not further investigated. 
1-[6-Methylpyrimidin--4 (311) -on-2-yl]methyl-3-phenylthiourea 
(44) 
A solution of 2- (aminomethyl) -6-methylpyrimidin-4 (3H) - 
one (36) (0.28 g, 0.002 mol) in anhydrous dimethylformamide 
(10.0 ml) was treated with phenyl isothiocyanate (0.27 g, 
0.002 mol) and the solution was stirred at room temperature 
for lh. 	Evaporation gave a viscous green oil which was 
flash-chromatographed over silica. 
Elution with ethylacetate gave 1- [ 6-methylpsrimidin-
4(311)-on-2-yl]methyl-3-phenylthiourea (44) as a cream solid 
(0.55 g; 100%) which formed large, colourless needles, m.p. 
184° (from ethanol-ethylacetate), v 
max  3340 and 3170 (NH) 
and 1660 (Co) cm- 1 
1 	((CD 3 ) 2 SO] 12.27 (111, brs, NH), 9.97 
(111, brs, NH), 7.94 (1H, brt, J5.OHz, NH), 7.59-7.12 (SH, m, 
ArE), 6.07 (1H, brs, H-5), 4.60 (2H, d, J5.0Hz, CH 2 ), and 
2.18 (311, d, J s '  CH 3- 
 6  0.6Hz, CH 3 -6). 
Found: C, 56.6; H, 5.2; N, 20.6%; M, 274 
C 13H 14N 4 0S requires: C, 56.9; H, 5.2; N, 20.4%; N , 274 
Imidazo[1 ,5-a]pyrimidine - (7H) thione (42a) 
A suspension of 1-(pyrimidin-2-yl)methyl-3-phenyl-
thiourea (40a) (0.47 g, 0.002 mol) in anhydrous xylene 
(25.0 ml) was stirred and heated under ref lux for 24h. 
The resulting solution was evaporated to leave a brown 
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gummy solid (0.47 g) which was.flash-chromatographed over 
silica. 
Elution with ethyl acetate-methylene chloride (1:2) 
afforded imidazo[ 1, S -a]pyrimidine -..6(.7H) -thione (42a) as a 
red solid (0.04 g; 13%) which was purified by further flash-
chromatography in methylene chloride over silica then 
crystallisation to give orange crystals, m.p. 197 ° (from 
ethanol-ethylacetate), umax 1620 cm- 1, 6[(CD 3 ) 2 SO] 8.36 
(1H, dm, J34 7.3Hz, H-4), 8.17 (1H, dd, J 	 3.6 and2,3 
	
1.6Hz, H-2), 7.51 (1H, d, J 4,8 
	. 1.9Hz, H-B), and 
6.67 (1H, dd, J 	 7.3 and J23 3.6Hz, H-3)3,4 
Found: !4, 151.0209 
C 
6 H 5 N  3 S requires: M , 151.0204 
Further elution with ethylacetate through to methanol 
gave only intractable gums and oils (total 0.33 g). 
The Attempted Thermal Cyclisation of 1-(4,6-Dimethyl-
pyrimidin- 2-yl)methyl-3-phenylthiourea (40b) in Xylene 
A suspension of 1-(4 ,6-dimethylpyrimidin-2-yl)méthyl-
3-phenylthiourea (40b) (0.51 g, 0.0019 mol) in anhydrous 
xylene (25.0 ml) was stirred and heated under reflux in an 
atmosphere of nitrogen for 11 days. 	The resulting solution 
was evaporated to leave a red gum which was flash-chromato-
graphed over silica. 
Elution with ethylacetate-methylene chloride (1:1) 
afforded the unreacted thiourea (406) as a pink solid (0.12 
g; 24%), m.p. 190° identified by comparison (m.p. and i.r. 
spectrum) with an authentic sample. 
Subsequent elution with ethylacetate gave 
MU 
1,3-di-(4 , 6-dimethylpyrimidin-2-yl)methylthiourea (43b) 
as a pink solid (0.2 g; 60%), m.p. 160°, identified by 
comparison (m.p. and i.r. spectrum) with an authentic 
sample prepared later. 
The Attempted Thermal Cyclisation of 1-[6-Methylpyrimidin-
4(3H)-on-2-yl]methyl-3-phenylthiourea (44) in Xylene 
A suspension of 1-[6-methylpyrimidin-4(3H)-on-2-y]j-
methyl-3-phenylthiourea (44) (0.35 g, 0.0013 mol) in 
anhydrous xylene (20.0 ml) was stirred and heated under 
reflux in an atmosphere of nitrogen for 24h. 	The solution 
was evaporated to leave a grey solid (0.3 g), m.p. 260° 
(decomp.), 'Vmax 3310 br and 3200 br (NH) and 1660 (CO) cm- 1 
6[(CD3 ) 2 SO] 12.20 (iF, brs, NH), 9.75 (1H, brs, NH), 8.22 
(iF, brt, J5.OHz, NH), 7.55-7.10 (SH, m, ArN) , 6.06 (1H, brs, 
H-5), 4.55 (2H, d, J5.OHz, CH2 ) and 2.18 (3H, 5, CH 6), 
228, 195, 181, which could not be purified for further 
characterisation. 
The Attempted Reaction of 2-(Aminomethyl)pyrimidine (33a) 
with Carbon Disulphide 
A solution of 2-(aminomethyl)pyrimidine (33a) (0.22 g, 
0.002 mol) in anhydrous toluene (10.0 ml) was treated with 
carbon disulphide (4.0 ml) and the mixture was heated under 
reflux for 4h. 	The mixture was evaporated to give a gummy 
orange solid (0.3 g) whose t.l.c. in ethanol over silica 
showed it to be a close-running multicornponent mixture from 
which no identifiable material could be obtained. 
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The Reaction of 2- (Aminomethyl) -4, 6-dimethylpyrimidine 
(33b) with Carbon Disulphide 
A solution of 2-(aminomethyl)-4,6-dimethylpyrimidine 
(33b) (0.28 g, 0.0.02.mol) in anhydrous toluene (10.0 ml) 
was treated with carbon disulphide (4.0 ml) and the mixture 
was stirred and heated under reflux for 17h. 	The mixture 
was filtered to remove a small amount of an uncharacterised 
grey solid and the toluene mother liquor was evaporated to 
leave an orange gum (0.19 g) which was flash-chromatographed 
over silica. 
Elution with ethylacetate afforded 2,4-dimethyl-
imidazo{ 1 , 5-a]pyrimidine - 6(7H)-thjone (42b) as an orange 
solid (0.03 g; 9%), m.p. 1900, Vma  1640 br (C=N) cm -1 
6[(CD3 ) 2 SO] 13.02 (111, brs, NH), 7.12 (1H, s, H-B), 6.13 
(1H, brd, J 3, CH 4 1.1Hz, H-3), 3.08 (3H, a, J 3,  CH 4 1.0Hz, 3 	 3 
CH3 -4), and 2.21 (3H, s, CH 3 -2). 
Found: M 4 , 179 
C 8 H 9 N  3 S requires: M , 179 
Further elution with methatnol gave 1,3-di-(4,6-
dimethylyrimidinj)methylthiourea (43b) as a colourless 
solid (0.07 g; 22%) which was purified by flash-chromato-
graphy in ethyl acetate over silica then crystallisation to 
give a colourless solid, m.p. 169° (from ethyl acetate), 
vmax 3330 and 3270 (NH), and 1595 cm 1 , 5(CDC1 3 ) 7.60 
(2H, brt, NH), 6.92 (2H, s, H-5 and H-5') , 4.82 (4H, d, 
J4.3Hz, CH2 ), and 2.45 (12H, s, CH 3 -4, CH 3 -4', CH3 6 and 
CH 3 6 ') 
Found: C, 57.1; H, 6.4; N, 26.9%; M, 316 
C 1 09 0S requires: C, 56.; H, 6.4; N, 26.6%; M , 316 
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Final elution with methanol gave a small amount of 
a •pale yellow solid (0.04 g), m.p. 70°, 
umax 
 3250, and 
1595 cm- 
1, 
 M, 179, which was not further investigated. 
The Reaction of 2-(Aminomethyl) -6--methy].pyrimidin-4 (3H) - 
one (36) with Carbon Disulphide 
A solution of 2- (aminomethyl) -6-methylpyrimidin--4 (3H) - 
one (36) (0.28 g, 0.002 mol) in methanol (10.0 ml) was 
treated with carbon disulphide (4.0 ml) and the mixture was 
stirred and heated under reflux in an atmosphere of nitrogen 
for 17h. 	The resulting solution was evaporated to leave an 
unstable yellow solid (0.34 g), m.p. 162° (decomp.), vmax 
3150 br, 1660 br (CO) cm- 1, 	[(CD3 ) 2 SO] 8.64 (iF, brt, NH), 
6.18 (1H, brs, H-5) , 6.04 (1H,bJ,5 OH -6 0.6Hz, 11-5), 
., 	3 
4.50 (2H, d, J3.4Hz, OH 2 ), 3.99 (211, 5, CH2) 	2.22 (3H, d, 
15,c113_6 0.6Hz, CH 3 -6) and 2.15 (3H, d, J 
5CH6  0.6Hz, 
CH 3 6), M, 139, 76 (CS 2 ), which rapidly decomposed on 
standing at room temperature and therefore could not be 
characterised. 	 - 
The Attempted Ease-catalysed Reaction of 2-(Aminomethyl)-
2yrinidine (33a) with Thiophosgene 
A solution of 2-(aminomethyl)pyrimidine (33a) (0.22 g, 
0.002 mol) in diethyl ether (10.0 ml) was mixed with a 
solution of sodium hydrogen carbonate (0.34 g, 0.004 mol) 
in water (4.0 ml) and the mixture was vigorously stirred 
and treated dropwise at room temperature with a solution of 
thio.phosgene-(0.23 g, 0.002 mol) in anhydrous diethyl ether 
(6.0 ml). 	The mixture was stirred at room temperature for 
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2h then extracted with diethyl ether (4x20.0 ml) to yield 
an orange gum, which rapidly decomposed at room temperature 
to give a black tar whose t.l.c. in ethyl acetate showed it 
to be an unresolvable multicomponent mixture which was not 
further investigated. 
The aqueous mother liquor was neutralised with 214 
aqueous hydrochloric acid and 214 aqueous sodium hydroxide 
solution and extracted with methylene chloride (5x20.0 ml) 
to give only a negligible quantity of a dark gum. 
(Pyrimidin-2-yl)methyl thiocyanate (50) 
A solution of 2-(chloromethyl)pyrimidine (20a) (1.3 g, 
0.01 mol) and potassium thiocyanate (1.9g, 0.02 mol) in 
70% v/v aqueous ethanol (50.Q ml) was heated under ref lux 
for lh. 	The mixture was concentrated diluted with water 
(20.0 ml) and the pH of the solution adjusted to.7 with 2M 
aqueous sodium hydroxide and glacial acetic acid. 	The 
resulting aqueous solution was continuously extracted with 
methylene chloride for 6h to yield (pyrimidin-2-yl)methyl 
thiocyanate (50) as a colourless solid (1.4 g; 93%), which 
formed colourless needles, m.p. 81 0 (from toluene-light 
petroieum/b.p. 60-80 ° ), V 	2150 (CEN), and 1570 cm1,max 
6(CDC1 3 ) 8.73 (2H, d, J45 and 56 5.0Hz, 11-4 and H-6), 7.27 
(1H, t 	4,S and 5,6 5.0Hz, H-5), and 4.45 (2H, s, 0112). 
Found: 	C, 47.6; H, 3.2; N, 27.8%; 14 + , 151.0203 
C 6 H 5 N 3 
 S requires: C, 47.7, H, 3.3; N, 27.8%; M , 151.0204 
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The Attempted Thermal Cyclisation of (Pyrimidin-2-yl).-
methyl Thiocyanate (50) 
A solution of (pyrimidin-2-yl)methyl thiocyanate 
(50) (0.3 g, 0.002 mol) in anhydrous xylene (20.0 ml) was 
stirred and heated under reflux in an atmosphere of 
nitrogen for 18h. 	The resulting solution was evaporated 
to leave the unreacted thiocyanate (50) as a pale brown 
solid (0.3 g; 100%), m.p. 81°, identical(m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
A solution of (pyrimidin-2-yl)methyl thiocyanate 
(50) (0.3 g, 0.002 mol) in anhydrous acetonitrile (20.0 ml) 
was stirred and heated under reflux in an atmosphere of 
nitrogen for 24h. 	Evaporation gave the unreacted thio- 
cyanate (50) as a colourless solid (0.3 g,; 100%), m.p. 800, 
identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
(Pyrinidin-2-yl)methyl thiocyanate (50) (0.3 g, 
0.002 mol) was melted under an atmosphere of nitrogen and 
held at the melt for lh. 	Cooling gave a black solid (0.26 
g), whose t.l.c. in ethyl acetate over silica showed it to 
be a multicomponent mixture which was not further investigated. 
The Attempted Thermolysis of (Pyrimidin-2-yl)methyl Thio-
.cyanate (50) in the Presence of Aniline 
A solution of (pyrimidin-2-yl)methyl thió:cyanate (50) 
(0.3 g, 0.002 mol) and aniline (0.18 g, 0.002 mol) in 
anhydrous 1,4-dioxane (20.0 ml) was initially stirred at 
room temperature for 41i after which time t.l.c. in ethyl 
acetate over silida showed only the presence of the starting 
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materials. 	The mixture was heated under reflux for 4h 
then evaporated to leave a yellow oil whose t.l.c. in ethyl 
acetate over silica showed only the presence of the starting 
materials. 	The yellow oil was treated with 2M aqueous 
hydrochloric acid and extracted with methylene chloride 
(4x20.0 ml) to give the unreacted thiocyanate (50) as a 
colourless solid (0.06 g; 20%), m.p. gQO, identical (m.p. 
and i.r. spectrum) to an authentic sample prepared before. 
The aqueous mother liquor was neutralised with 2M 
aqueous sodium hydroxide solution and glacial acetic acid 
to precipitate a black intractable solid (0.2 g), m.p. 200° 
(decomp.), which defied all attempts at purification. 
The aqueous mother liquor was extracted with methylene 
chloride (6x20.0 ml) to give aniline (0.07 g; 39%), 
identical (i.r. spectrum) to an authentic sample. 
Chapter 4 
Studies of the Synthesis and Reactivity 
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In parallel with the studies on imidazo[1,5-ajpyridine-
3 (2H) -thione and imidazo[i , 5-a]pyrimidine derivatives 
described in chapters 2 and 3, investigations of the 
synthesis and analogous reactivity of ixnidazo[ 1 , 5-c]pyrimidine 
derivatives were also undertaken. 	Of particular interest 
in this context (Scheme 1) were imidazo[1,5-cjpyrirnidine-
3(2H)-thione (2) and the derived 3 -alkylthioimidazo[1,5 -c] -
pyrimidines (1; X=SAlk). 	By analogy with inidazo[1,5 - a] - 
pyridine-3(2H)-thione (see Chapter 2), imidazo[1,5-cJ-
pyrintidine-3(2H)-thione (2) should exhibit dual reactivity 
towards electrophiliç attack giving N-2 substituted products 
and/or C-i substituted products (7) with the former being 
possibly convertible by rearrangement into the latter. 	In 
addition when the electrophilic reagent iS an imino-compound 
the resulting C-i substitution products (7; e=R 1NHCR 2 R 3 ) 
have the potential for rearrangement, to afford, possibly via. 
initial ring-opening to unstable isothiocyanate intermediates 
(8), pyrimidin-4-ylimidazolidinethiones (9) . 	 By analogy 
with 3-ethylthioimidazo[1,5-a)pyridine (see Chapter 2), 
3-alky 1thioimidazo[ 1 , 5-c]pyrimidines (1; X=SA1k) are pssib1e 
precursors of the novel 3,5-dehydroheterocycle (3) . 	 Because 
of increased overlap stabilisation by the extra nitrogen 
atom at the 6-position this species should have greater 
stability than the corresponding dehydroimidazo[1,5-a]-
pyridine 2 (see Chapter 2) and hence should be more readily 
trapped in dipolar cycloaddition' reactions [(1; XSalk)-*(3) ~ 
or (6)]. 





















RCO 2 H, heat 
PhNCS, xylene, room temp. 
 POOl 3 , C1(CH 2 ) 2 C1, 	heat or P 2 0 5 -H3 PO 4 , 	100-110 0 
 BrON, MeOH, room temp. 
CS 2'  toluene, heat. 
xylene, heat. 
Scheme 3 
r 	Y, W 2yCH=NNJQH 
NcN N-N. 





(1) EtONO, HC1, EtOH, room temp. 
(ii) H 2 , 10% Pd-c, 2 atm., room temp 
qnhcrnc. a 
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[1,5 -cipyrimidine derivatives in general and imidazo- 
[1 ,5-c]pyrimidine-3 (2H) -thione (2) and 3-alkylthioimidazo-
[1,5-cJpyrimidines (1; X=Salk) in particular had not been 
reported in the literature. 	On the other hand partially. 
saturated tetrahydroimidazo[ 1 ,5-c] pyrimidines derived from 




known, one such compound (Scheme 2) being the naturally 
occurring alkaloid zapotidine (10). 11 	Before embarking 
on the study of the aforementioned reactivity of imidazo-
[ 1,5-c]pyrimidine derivatives it was therefore necessary 
to develop a general method for their synthesis. 	In the 
present studies of the synthesis and reactivity of iinidazo-
[ 1,5-c]pyrimidine derivatives the previously unknown 
imidazo[1,5-c)pyrimidine ring system is numbered as indicated 
in Scheme 1 [see (1)]. 
4.2 Synthesis and Reactivity of Imidazo[ 1 , 5-c]pyrimidine 
Derivative 
The synthetic approaches (Scheme 3) to imidazo[1,5 -c] -
pyrimidine derivatives investigated were based on the known 103 
4-(aminomethyl)pyrimidine (11) as the key intermediate. 4-
(Aminomethyl)pyrimidine was readily synthesised (Scheme 4) 
in high overall yield as a relatively stable oil by nitrosa- 
103 tion 	of 4-methylpyrimidine (12) with ethyl nitrite in 
cyCH2NH2 	r 1yCH2N+ 
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NcN 	 HN HNN.N 
(18) CH=O 
(X=C1, Br, OAc, OH, CEt) 	 (17) 




the presence of hydrogen chloride to afford 4-(oximino-
methyl)pyrimidine (13) in good yield, followed)catalytic 
reduction of the latter at elevated pressure. 103 
With the aminomethylpyrimidine (11) in hand it was 
decided in passing to investigate its behaviour towards 
diazotisation (Scheme 5) in the expectation that this might 
lead through cyclisation of the initially formed diazonium. 
species (14) to the little known 104  1,2,3-triazolo[1,5-c]-
pyrimidirie (15). 	Though this compound has been reported 104 
u ncLer3Qjn9 
to be unstable .folysis, through covalent-hydrate (16) 
formation, to the imidazole derivative (17) it was hoped 
that it would undergo acid-catalysed triazole scission (see 
Chapter 3) thus providing a route to synthetically useful 
4-(functionalised methyl)pyrimidines (18). 	In practice 
4-aminomethylpyrimidine (11) reacted with sodium nitrite in 
aqueous hydrochloric acid to give in addition to some 
unreacted starting-material (11) a low yield of a colourless 
stable solid. 	This product gave analytical data and showed 
spectroscopic properties consistent with its formulation as 
the known 4-hydroxymethylpyrimidine (18; X=OH) though its 
melting-point (77°) was somewhat higher than that (68 ° ) 
reported in the literature. 79 	The diazotative formation 
of the hydroxymethylpyrimidine (18; X=OH) from the amine (11) 
is presumably the result of hydrolysis of the diazonium 
cation (14). 	However the formation of the alcohol (18; 
X=OH) by cyclisation of the diazonium cation (14) to the 
1,2,3-triazolopyrimidine (15) followed by acid-catalysed 
hydrolytic scission of the latter (see Chapter 3 before) 
cannot be ruled out. 	- 
















(22) 	 (23) 
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In view of the known 26,27  phosphoryl chloride 
catalysed cyclisation of 1-(acylaminoalkyl)isoquinolines to 
imidazo[1,5-a]isoquinoline derivatives (See Chapter 1, 
Scheme 13) and the successful phosphoryl chloride promoted 
cyclisation of 2-(acylaminomethyl)pyrimidines to imidazo-
[ 1-5- a]pyrimidine derivatives described in the present 
studies (See Chapter 3, Scheme 11) it was expected (Scheme 
6) that 4-(acylaminomethyl)pyrimidine (19) would undergo 
analogous c.yc.lisation to imidazo[1,5-c]pyrimidines (20). 
Heating 4-aminomethylpyrimidine (11) with formic acid 
resulted in a good yield (79%) of a stable low-melting solid 
which analysed correctly and showed spectroscopic properties 
in accord with the 4-(formamidomethyl)pyrimidine structure 
(19a). Thus its i.r. spectrum showed -NH and carbonyl 
absorption at 3500-3200 and 1695-1650 ciiC' and its 1H 
n.m.r. spectrum contained a one proton singlet at S 8.22 due 
to the proton of a formyl group. Heating the 
(formamidomethyl)pyrimidine (19a) with phosphoryl chloride 
in 1,2-dichloroethane afforded in addition to a good 
recovery (75%) of starting-material a low yield of a stable 
off-white solid. The latter gave analytical data indicating 
that it was isom4ric with the starting-material (19a). On 
the basis of its i.r. spectrum and in particular its 'H 
n.m.r. absorption this product is tentatively formulated as 
the Z-imidazolylethene (22a) and not the geometrically 
isometric E-imidazolylethene (23a). The assignment 
of the Z-imidazolyl structure (22a) is based on 
P.110 
the observation of a 9.4 Hz coupling constant for the 
assigned Ha and Hb protons which rules out the isomeric 
E-imidazolyl structure (23a) whose Ha and Hb protons would 
be expected to show an appreciably larger coupling constant. 
A minor component is also present in the isolated solid but 
n.m.r. spectral data was insufficient for 
identification. 	On the basis of the known behaviour of 
1,2,3-triazolo[1,5-c]pyrimidine (15)10 4 and tetrazolo 
[1,5-c]pyrimidine105'106 which shows a willingness to 
undergo covalent hydration followed by equilibration with 
open-chain alkenes [e.g. Scheme 5; (15)t(l6)(l7)], the 
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formation of the imidazolylethene (22a) from the (formamido-
methyl)pyrimidine (19a) can be explained (Scheme 6) in terms 
of the intermediacy of imidazo[1,5-C]pyrimidine (20a) and 
its covalent hydrate (21a), the latter being formed in the 
aqueous workup. In a further attempt to obtain the imidazo-
[1, 5- c]pyrimidine (20a) by cyclisation of the (formamido-
methyl)pyrimidine (19a) the latter was heated with poly- 
phosphoric acid. However, this reaction gave no identifiable 
material. 
4-(Aminomethyl)pyrimidine (11) also reacted on heating 
with glacial acetic acid to afford a good yield (76%) of a 
yellow solid product which analysed correctly and showed, 
i.r. and 1H n.m.r. absorption in accord with the expected 
4-(acetamidomethyl)pyrimidine structure (19b). Heating this 
'-S 
compound with pho sphoryl chloride in 1.2-dichloroethane in 
an attempt to effect its cyclisation to the imidazo-
[1,5-c]pyrimidine derivative (20b), gave instead a low yield 
of a yellow solid. This product gave analytical and mass 
spectral data indicating it to be isomeric with the starting 
(acetamidomethyl)pyrimidine (19b). The 1 H n.m.r. spectrum 
of the yellow product was complex but closely resembled that 
of the alkene (22a) obtained analogously from the formamido-
methyl)pyrimidine (19a). The yellow product from the 
(acetamidomethyl)pyrimidine (19b) is therefore tentatively 
formulated as the corresponding z-imidazo'"lylethene (22b), 
and not the geometrically isomeric E-imidazolylethene (23b). 
As in the case of the product (22a) the formation of the 
methyl derivative (22b) from the (acetamidomethyl) 
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pyrimidine (lSb) can be explained by the initial formation 
of the imidazo[1,5-c]pyrimidine (20b) and its conversion 
in the course of workup into the covalent hydrate (21b) 
followed by ring-opening of the latter. 	The obvious' 
conclusion .to be drawn from the foregoing results is that 
in the reactions of the 4-(acylaminomethyl)pyrimidines (19a 
and b) with phosphoryl chloride in 1,2-dichioroethane the 
required imidazo[ 1 , 5-c]pyrimidines (20a and b) are being 
formed but are undergoing further reaction leading ultimately 
to 	ring-opening and the formation of the imidazolyl- 
ethenes (22an b 	 - 
54 2-Aminomethylpyrazines are known 45, to react with 
carbon disulphide to afford imidazo[ 1 , 5-a]pyrazine-3 ( 2 H) -
thiones (see Chapter 1, Scheme 22 and Chapter 6, scheme 2 ). 
It has also been shown in the present studies (see Chapter 3, 
Scheme 12.) that 2-aminomethylpyrimidines react with carbon 
disulphide to afford imidazo[1 ,S-a]pyrimidine-6(7H)-thiones. 
It was therefore of interest to investigate the possible 
synthesis (scheme 7) of imidazo(1,5-cjpyriraidine-3(2H)-thiones 
by the reaction of 4-aminomethylpyrimidines with carbon 
disulphide. 	In practice heating 4-aminomethylpyrimidine 
(11) with carbon disulphide in toluene gave instead of the 
hoped-for imidazo[ 1 , 5-c]pyrimidine-3 ( 2 H) -€hione (2) only 
intractable materials from which no identifiable material 
could be obtained. 
An alternative synthetic approach to the imidazo[1,5-c]-
pyrimidine-3(2H)-thione (2) involves (scheme 7) the thermolysis 
of the thiourea derivatives such as (24a and b). 	Analogous 






















CS  2' toluene, N 2 , heat 
xylene, heat 
PhNCO, Me 2NCH=O, room temp. 
PhCH 2 C0CI, Et 3N, 1,4-dioxane, room temp. 
PhNT-1 2 , Me 2C=O, p-MeC 4 H4 SO 3 H, N 2 , heat 
Scheme 7 
thioureas provide synthese.s of imidazo[1,5-a]pyridine- 
3 (2H)-thiones and imidazof 1 ,5-a]pyrimidine-6 (7H) -thiones 
(see Chapters 1,2 and 3). 	4-Aminornethylpyrimidine (11) 
was found to react with phenyl isothiocyanate to give a 
quantitative yield of a solid product whose analytical and 
spectroscopic properties are entirely in. accord with the 
required thiourea structure (24a). 	Thermolysis of this 
compound in ref luxing toluene afforded in addition to 
intractable material a low yield (43%) of a stable, high-
melting orange solid which analysed correctly and showed 
'H n.m.r. absorption supporting its formulation as the 
previously unknown imidazopyrimidinethione (2). 	In an 
attempt to improve the yield of the latter, therrnolysis of 
the pyrimidylphenylthiourea (24a) was attempted at higher 
temperature in xylene. 	However these conditions resulted 
in an even lower yield (24%) of the imidazo[1,5-c]pyrimidine--
3(2H)-thione (2) together with a substantial amount of an 
intractable polymeric brown solid. 	It is possible that the 
aniline producedas a by-product in the thermolytic cyclisa-
tion of the thiourca derivative (24a) causes complicating side-
reactions and hence the low yield of the imidazopyrimidine- 
thione (2) obtained. 	It was therefore decided to investigate 
the thermolytic cyclisation of the N-methyl- (pyrimidyl-
methyl)thiourea (24b) the methylamine by-product of which 
being volatile would be less likely to cause complicating 
side-reactions. 	The reaction of 4-aminomethylpyrimidine 
with methyl isothiocyanate gave a good yield of a solid 
product whose elemental analysis and spectroscopic properties 
are consistent, with its formulation as the required 
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pyrimidylmethylthiourea (24b). 	Disappointingly the 
thermolysis of the thiourea derivative (24b) in xylene 
gave only avery low yield (17%) of the imidazopyrimidine-
thione (2). 
Despite the inefficiency of the synthesis of the 
imidazo[1 ,5-c)pyrimidine-3(2H)-thione (2) sufficient 
material was available to investigate its reactivity by 
analogy with iraidazo[ 1 , 5-a]pyridine-3 ( 2 H) -thione (see 
Chapter 2). 	Imidazo[ 1,5-c]pyrimidine -.3 ( 2 H) - thione ( 2. 
reacted with phenyl isocyanate in dimethylformamide at room 
temperature to afford a low yield of a product which analysed 
correctly and showed spectroscopic properties consistent with 
the 2-(N-phenylcarbamoyl)-structure (25). 	In particular 
its 1 H n.m.r. spectrum contained a one-proton signal at 
67.84 attributable to H-i thus excluding the alternative 
i-(N-phenylcarbamoyl)-structure (see Chapter 2). 	The 2- 
(N-phenylcarbamoyl)imidazopyrimidine-3 (2H) -thione (25) was 
found to be unstable towards heat and hydrolysis (even on 
silica) thus preventing the further study of its chemical 
reactivity and in particular by analogy with structurally 
similar imidazo[1 , 5-a]pyridine - 3(2H) -thione (see Chapter. 2) 
its thermal rearrangement to the C(1)-N-phenylcarbamoyl 
isomer. 
In an attempt to simulate the behaviour of inidazo-
[1,5-a]pyridine-3(2H)-thione (see Chapter 2) the reaction 
of the imidazopyrinidinethione (2) with phenylacetyl chloride 
in the presence of triethylamine was investigated (Scheme 7) 
in the. expectation of obtaining the N-phenylacetyl derivative 



























(i) Eti , KOH, MeOH, room temp. 
Scheme 8 
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hydrochloride a yellow-brown gum which proved to be 
unstable to chromatographic purification giving as the 
end-product the unreacted imidazopyrimidinethione (2) in 
good yield (70%). 	The imidazopyrimidine-3(2H)-thione (2) 
also failed to resemble imidazo[1,5-a]pyridine-3(2H)-thione 
in its reaction with aniline and acetone in the presence of 
A catalytic amount of toluene-4-sulphonic acid (see Chapter 
2)0-ihis reaction (Scheme 7) was expected to afford the 
pyrimidinylimidazolidinethione (27) but in practice afforded 
only a high yield (87%) of the unreacted starting-material 
(2). 
In a reaction analogous to that of imidazo[1,5-a]-
pyridine-3(2H)-thione (see Chapter 2), imidazo[1 ,5-a]-
pyrimidine-3(2H)-thione (2) reacted with iodoethane in the 
presence of potassium hydroxide (Scheme 8) to give a good 
yield of a stable yellow oil whose elemental analysis and 
spectroscopic properties are in full accord with its 
formulation as the previously unknown compound 3-ethylthio-
imidazo[ 1 , 5-c]pyrimidine (28). 	Also formed in low yield 
(11%) in this reaction was a colourless solid product whose 
elemental analysis and mass spectrum corresponded to that 
of the ethylthio-derivative (28) plus one molecule of water. 
The 'H n.m.r. spectrum of the compound was complex but showed 
features closely similar to the 'H n.m.r. spectra of the 
already described (see page Z51 and Scheme 6) mixtures,conEu4nln 
z-imidazolylethenes (22a and b) 
The colourless solid by-product in the 
reaction of the imidazo[1,5 -c]pyrimidine - 3(2H) -thione (2) 
with iodoethqne in the presence of potassium hydroxide is 
_r. 
	
NN*N 	 NcNfN 














n-C 4 H 9Li. tetrahydrofuran, -78° 
Mel, room temp. 
Scheme 9 
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therefore tentatively formulated as z-e 	izotyJekineric(3) anc 
00f U\e 3CflNdCIc&( 	I SOflC/ 	 E-ethylthioimidazolylethene1 
(31). 	The formation of this product mixture 
is readily explained by the further transformation of the 
ethylthioimidazopyrintidine (28) under the reaction conditions 
to afford a covalent hydrate (29) ring-opening of which 
would lead to the ethylthioimidazolylethene (30). 
Having successfully synthesised the ethylthioimidazo-
[ 1 , 5-c]pyrimidine (28) attention was next directed to the 
study of its deprotonation (Scheme 9) to the carbanion (32). 
This intermediate by analogy with the corresponding carbanion 
from 3-ethylthioimidazo[1,5-ajpyridine should be trappable1 
with methyl iodide (see Chapter 2) 
to give the methylated product (33) and might serve as a 
precursor of the novel dipolar species (34), detectable by 
its products of cycloaddition. 	Disappointingly the reaction 
of the ethylthioimidazo[1,5-c]pyrimidine (28) with butyl-
lithium in tetrahydrofuran at -78° followed by quenching with 
methyl iodide gave only a complex mixture with no evidence 
for the formation of the methylated product (33), 	This 
result is surprising in view of the ready deprotonation and 
methylation of 3-ethylthioimidazo[1,5 -a]pyridine in high 
yield at the 5-position1 
but may be due to the lower stability of the imidazo[1,5-cJ-
pyrimidine ring system in general compared with the imidazo-
[1,5-ajpyridine ring system. 
The availability of 4-aminomethylpyrimidine (11) in 
the present studies prompted the investigation, of other 






















C100 2Et, Et3 N, 1,4-dioxane, room temp. 
PhU=C=O, xylene, room temp. 
BrON, MeOH, room temp. 	- - 
P9C1 3 , Ci(CH 2 )C1, heat 
Crhon,a in 
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to imidazo[1,5-c]pyrimidine derivatives (Scheme 10). 
82 Thus by analogy with 2-aminoalkylpyrimidines the urethane 
derivative (35) of 4-aminomethylpyrimidine (11) should 
undergo cyclodehydration to 3-ethoxyimidazo[1 , 5-c]pyrimidine 
(36). 	In practice 4-aminomethylpyrimidine (11) reacted 
smoothly with ethyl chioroformate in the presence of tn-
ethylamine to give an essentially quantitative yield of the 
desired urethane (35) as a stable low-melting solid. 	The 
urethane (35) gave analytical data and showed spectroscopic 
properties fully in accord with its assigned structure. 
However the attempted cycliation of the urethane (35) to 
the imidazo[ 1,5-c]pyrimidine derivative (36) using phospho±yl 
chloride in refluxing 1 ,2-dichloroethane gave only a 
substantial amount (47%) of unreacted starting-material (35) 
and no other identifiable product. 	The aminomethylpyrimidine 
(11) also reacted readily with phenyl isocyanate in xylene 
at room temperature to give a quantitative yield of the 
expected urea derivative (37) whose analytical and spectro-
scopic properties are fully in agreement with the assigned 
structure. 	However heating the urea (37) with phosphoryl 
chloride in 1,2-dichloroethane failed to afford the expected 
anilinoimidazo[ 1 , 5-c]pyrimidine (38) a black intractable 
gum being formed instead. 	Finally an attempt was made to 
convert 4-aminomethylpyrimidine (11) directly into 3-amino-
imidazo[1,5-cjpyrimidine (40) through the intermediacy of 
the cyanamide derivative (39) by reaction with cyanogen 
bromide. 	However this reaction gave only the unreacted 





4-Methylpyrimidine (12) was purchased from the 
Aldrjch•.Chemjcal Co. and was used without further 
purification. 
4- (Oximinomethyl)pyrimidine (13) 
A solution of 4-methylpyrimidine (9.4 g, 0.10 ml) in 
anhydrous ethanol (30.0 ml) was added dropwise with stirring 
at 00  (ice-salt bath) to a solution of hydrogen chloride 
(9.0 g, 0.25 mol) in anhydrous ethanol (30.0 ml). 	The 
resulting mixture was then treated dropwise with stirring 
at 0-5 0 with a solution of ethyl nitrite (8.3 g, 0.11 mol) 
in anhydrous ethanol (15.0 ml). 	The mixture was stirred 
at room temperature for 18h then filtered to afford the 
hydrochloride of 4-(oximinomethyl)pyrimidine (13) as a 
colourless solid (13.0; 81%), m.p. 179° (decompj 	(lit., 103 
m.p. not quoted). 
The hydrochloride of 4-(oximinomethyl)pyrimidine ( 13 
was dissolved in water (30.0 ml) and the solution was treated 
with a solution of sodium hydrogen carbonate (6.8 g, 0.081 
mol) in water (50.0 ml), to give a solid which was collected 
and combined with a second crop obtained by neutralising the 
aqueous mother liquor with 2M aqueous hydrochloric acid and 
solid sodium acetate and continuously extracting the aqueous 
solution with methylene chloride for 16h to give 4-(oximino-
methyl)pyrimidine (13) as a pink solid (total 9.8 g; 80%), 
rLl.p. 153 0 (lit. , 103 154°). 
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4-(Aminomethyl)pyrimidine (11) 
A solution of 4-(oximinomethyl)pyrimidine (13) (8.9 g, 
0.072 mol) in methanol (14.Oml) was hydrogenated over 10% 
palladium-on-charcoal (1.6 g) at room temperature and 2 atm. 
pressure for 48h. 	The catalyst was filtered off through 
celite and the filtrate was evaporated at room temperature 
to give the known 103  4-( Aminomethyl)pyrimidine (11) as a 
red oil (7.9 g; 100%) (dipicrate 108 , m.p. 157°), Vmax  3500-
3150 (NH) cm 1 , 6(CDC1 3 ) 8.94 (1R, d, J 25 1.1Hz, P1-2), 8.46 
(1H, d, J55 5.2Hz, 11-6), 7.18 (1H, din, Cl 56 5.2Hz, 11-5), 
3.79 (211, s, CH 2 ), and 1.85 (2H, brs, NH 2 ), which ran as a 
single spot on t.1.c. in ethylacetate over silica and was 
used without further purification. 
The Attempted Conversion of 4-(Aminomethyl)pyrimidine (11) 
into 1,2,3-Triazolo[1,5-c]pyri.midine (15) 
Asolution of 4-(aminomethyl)pyrimidine (11) (0.44 g, 
0.004 mol) in 10% w/v aqueous hydrochloric acid (10.0 ml) was 
cooled to 0° (ice-salt bath) and treated dropwise with 
stirring with a solution of sodium nitrite (0.37 g, 0.005 mol) 
in water (2.0 ml), keeping the temperature between 0-5 0 . 
The mixture was stirred at 0° for lh then neutralised with 
2M aqueous sodium hydroxide solution and glacial acetic acid 
and extracted with methylene chloride (4x30.0 ml) to give 
urireacted 4-(aminomethyl)pyrimidine (11) as a red oil (0.06 
g; 14%), identical (i.r. spectrum) to an authentic sample 
prepared before. 
The neutral aqueous mother liquor was continuously 
extracted with methylene chloride for 12h to obtain a gummy 
267 
solid (0.14 g), which was flash-chromatographed over silica. 
Elution with ethylacetate-methylene chloride (1:2) gave 
an unidentified gum (0.02 g) followed by the known 79 4-
(hydroxymethyl)pyrimidine (18; X=OH) as a colourless solid 
(0.07 g; 16%), which was purified by high vacuum distillation 
to give colourless rectangular crystals, m.p. 77° (lit., 79 
68°), 
umax  3210 br (OH). cm- 1, 	(CDC13 ) 9.11 (1H, a, 
1.2Hz, H-2) , 8.66 (1H, d, J 	 5.2Hz, H-6) , 7.37 (1H, dm,5,6 
5,6 5.2Hz, .H-5) 	4.75 (2H, s. CH 2 ) 	and 3.89 (1H, brs, OH).. 
Found: 0, 55.0; H, 5.5; N, 25.4%; M, 110. 
Caic. for CHN,O: 0, 54.5; H, 5.4; N, 25.6%;M , 110 
.4-(Formamidomethyl)pyrimidine (19a) 
A solution of 4-(aminomethyl)pyrirnidine (11) (0.44 g, 
0.004 mol) in 98-100% formic acid (12.5 ml) was stirred and 
heated under reflux for 1h. 	The solution was evaporated 
to leave a brown oil (0.6 g), which was flash-chromatographed 
over silica. 	. 
Elution with ethylacetate gave 4-(forrnamidomethyl)-
pyrimidine (19a) as a colourless solid (0.4 g; 79%), which 
was purified by high vacuum distillation to give a pale 
yellow waxy solid, m.p. 21°, b.p. 110°/0.3mmHg, Vmax  3500-
3200 (NH) and 1695-1650 (CO) cm- 1 , 6(CDC1 3 ) 9.01 (1H, brs, 
11-2), 8.56 (111, d, cr5,6 5.2Hz,  H-6), 8.22 (1H, s, CHO), 
7.19 (111, brd, J56 4.8Hz, H-5) , 7.02 (1H, brs, NH), and 
4.47 (2H, d, J5.SHz, 0112). 
Found: C, 52.6; H, 4.9; N, 30.0%; M, 137.0588 
C6 H7NO requires: C, 52.5; H, 5.2; N, 30.6%; M , 137.0589 
The. Attempted Dehydrative Cyclisation of 4-(Formamido-methyl) 
pyrimidine (19a) 
(a) 	A solution of 4-(formamidomethyl)pyrImidine (19a) 
(0.28 g, 0.002 mol) in anhydrous 1,2-dichloroethane (25.0 ml) 
was treated with phosphoryl chloride (1.5 g, 0.01 mol) and the 
mixture was heated under reflux for 4 h. The mixture was then 
evaporated to leave an orange solid which was treated with 2M 
aqueous sodium hydrogen carbonate solution (20.0 ml) and the 
mixture extracted continuously with methylene chloride for 6h 
to afford a yellow gum (0.2 g). This was 
flash-chromatographed over silica. 
Elution with ethanol-ethyicetate (1:4) gave an 
unresolved mixture, the major component of which is 
-1-(formamido)-2-(imidazol-4-y1)ethene (22a) as a colourless 
solid (0.3 g), m.p. 142-3 0 , lmax3180 br (NH) and 1650 
(co) cnC 1 ,6[(CD3)2S0] 12.19 (1H, brs, NH), 11.22 (1H, 
brs, NH), 8.26 (in, s, CH=0), 7.78 (1H, s, imidazole H-2), 
7.14 (in, s, imidazole, H-5), 6.78 (lii, d, J9.4Hz, Ha), 5.56 
(Hi, d, .39.5Hz, Hb) 
Found: 	M, 137.0586 
£61171!30 requires: M, 137.0589 
Further elution gave unreacted 4-(formamidomethyl)-
pyrimidine (lga) which was combined with further material 
obtained by neutralising the aqueous mother liquor with 2M 
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aqueous hydrochloric acid and 2M aqueous sodium hydroxide 
solution and continuously extracting with methylene chloride 
for 6h, (total 0.21 g; 75%) and identified by comparison 
(t.l.c. over silica in ethanol and i.r. spectrum) with an 
authentic sample prepared before. 
(b) 4-(Formamidomethyl)pyrimidine (19a) (0.28 g, 0.002 
mol) was added to polyphosphoric acid (5.0 g) at 50 0  and 
the mixture was stirred and heated at 1100  for 3h then cooled 
to 50° and treated with ice (5.0 g) and 50% w/v aqueous 
sodium hydroxide solution (5.0 ml). 	The resulting mixture 
was stirred for 30 min then treated with solid sodium hydrogen 
carbonate and extracted with ethyl acetate (6x20.0 ml) to 
give no organic material. 
The aqueous mother liquor was neutralised with 2M aqueous 
hydrochloric acid and 2M aqueous sodium hydroxide solution 
then extracted continuously with methylene chloride for 18h 
to give no organic material. 
4- (Acetamidomethyl) pyrimidine (19b) 
A solution of 4-(aminomethyl)pyrimidmne (11) (0.44 g, 
0.004 mol) in glacial acetic acid (20.0 ml) was heated under 
reflux for lh then evaporated to leave a viscous brown oil 
(0.9 g) which was flash-chromatographed over silica. 
Elution with ethanol-ethyl acetate (1:10) gave 4-(acet-
amidomethyl)pyrimidmne (19b) as a.yellow solid (0.5 g; 76%) 
which was purified by high vacuum distillation, m.p. 86°, 
b.p. 130°/1.5mmH9, v 	3260 (NH) and 1650 (CO) cm 1 , 5(CDC1 3 )max 
9.08 (iF, d, J25 1.2Hz, H-2), 8.61 (1H, d, 	5.8Hz, H-6)5,6 
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7.23 (1H, dm, 15,6 5 . 8 Hz, H-5), 6.90 (ia, brs, NH), 5.47 
(2H, d, D5.3 Hz, Ca2), and 2.03 (3H, s, CH3). 
Found: C, 55.4; H, 5.9; N, 27.8%, M, 151 
27119N30 requires: C, 55.6; H, 6.0; N, 27.8%; M, 151 
The Attempted Dehydrative Cyclisation of 4-(Acetamidomethyl)-
pyrimidine (19b) 
A solution of 4-(acetamidomethyl)pyrimidine (19b) (0.3 g, 
0.002 mol) in anhydrous 1,2-dichioroethane (25.0 ml) was 
treated with phosphoryl chloride (1.5 g, 0.01 mol) and the 
mixture was stirred and heated under reflux for 4 h. The 
mixture was filtered to remove a colourless hygroscopic solid 
A (0.2 g) and the dich<' loroethane filtrate was evaporated and 
the residue treated with 2M aqueous sodium hydrogen carbonate 
solution (20.0 ml) and extracted with ethyl acetate (5x20.0 
ml) to give a gummy solid (0.5 g), which was flash-chrornato-
graphed over silica. 
Elution with ethyl acetate-methylene chloride (1:2) gave 
an unresolved mixture, the major component of which is 
L-l-(formamido)-2-(2-methylimidazol-4-yl)ethane (22b) as a 
yellow solid (0.03 g), m.p. 1500, ) max3200 br (NH) and 
1650 (CO)cm-1 , 	[(c1D3)2s03, 11.86 (1H, brs, NH) 
11.14 (ia, brs, NH), 8.24 (IH , 5, CHO), 6.97 (1H, d, 
imadazole k1-5), 6.73 (1H, d, J9.5Hz, Ha), 5.48 (1H, d, .39.6Hz, 
and 2.33 (3H, s, 2-Cu3). 
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Found: M, 151.0743 
C 7 H 9 N 3  0 requires: M , 151.0746 
The hygroscopic solid A was added to the aqueous mother 
liquor causing effervescence, and the solution was extracted 
continuously with methylene chloride for 6h to give a gum 
(0.06 g) which was flash-chromatographed over silica. 
Elution with ethanol through to methanol gave gums 
(total 0.04 g), whose t.l.c. in ethanol over silica showed 
them to be unresolvable nulticomponent mixtures which were 
not further investigated. 
The aqueous mother liquor was neutralised with 2M 
aqueous hydrochloric acid and 2M aqueous sodium hydroxide 
solution then extracted continuously with methylene chloride 
for 6h to give no organic material. 
The Attthnpted Reaction of 4-(Aminomethyl)pyrimidine (11) 
with Carbon Disulphide 
A solution of 4-(aminomethyl)pyrimidine (11) (0.22 g, 
0.002 mol) and carbon disulphide (4.0 ml) in anhydrous 
toluene (10.0 ml) was stirred and heated under reflux in an 
atmosphere of nitrogen for Sh. 	The mixture was evaporated 
to leave an orange gum (0.36 g) whose t.lc. in ethanol over 
silica showed it to be a close-running multicomponent mixture 
from which no identifiable material could be obtained. 
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1-.:Phenyl-3- (pyrimidin-4-yl)methylthiourea (24a) 
A solution of 4-(aminomethyl)pyrimidine (11) (0.44 g, 
0.004 mol) in anhydrous xylene (10.0 ml) was treated with 
phenyl isothiocyanate (0.54 g, 0.004 mel) and the mixture 
was stirred at room temperature for lh. 	Filtration gave 
1-phenyl-3-(2yrimidin-4-yl)methyl.thiourea (24a) as a colour-
less solid (1.0 g; 100%) which formed large colourless 
needles, m.p. 158 ° (from ethanol), Umax  3270 and 3170 (NH) 
cm 1 , 6[(CD 3 ) 2 SO] 9.93 (1H, brs, NH), 9.11 (1H, d, J2, 5 
1.3Hz, H-2), 8.73 (111, d, cr56 5.2Hz., 11-6), 8.27 (1H, t, 
J5.6Hz, NH), 7.56-7.02 (611, m, H-S and ArH), and 4.83 (211, 
d, J5.6Hz, CH 2 ). 
Found: C, 58.6; H, 4.8; N, 22.8%; Mt, 244 
C 12H 12N4 S requires: C, 59.0; H, 5.0; N, 22.9%;. M , 244 
1-Methyl-3-(pyrimidin--4-yl)methylthjourea (24b) 
A solution of 4-(aminomethyl)pyrimidine (11) (0.44 g, 
0.004 mel) in anhydrous xylene (10.0 ml) was treated with 
methyl isothiocyanate (0.3 g, 0.004 mol) and the mixture 
was stirred at room temperature for lh. 	Filtration gave 
1-methyl-3-(pyrimidin-4-yl)methylthiourea (24b) as a.colour-
less solid 0.6 g; 86%) , which formed colourless rectangular 
crystals, rn.p. 161 ° (from ethanol), Umax  3220 (NH), 
5[(CD 3 ) 2 SO] 9.09 (111, d, J 25 1.2Hz, H-2) , 8.72 (1H, d, 
56 5.2Hz, H-6) ,  8.01 (1H, brt, J5.8kz., NH) , 7.80 (1H, brd, 
NH), 7.35 (1H, dm, J56 5.3Hz, H-5), 4.75 (2H, d, J5.8Hz, 
CM 2 ), and 2.86 (3H, d, J4.6Hz, CH 3 ). 
Found: C, 46.2; H, 5.5; N, 30.8%; M, 182 
C 7H 10N4 S requires: C, 46.1; H, 5.5; N, 30.7%; M , 182 
273 
The xylene mother liquor was evaporated to leave a 
gum (0.04 g), whose t.l.c. in ethanol over silica showed 
it to be an unresolvable multicomponent mixture which was 
not further investigated. 
Imidazo[1 ,5-c)pyrimidine-3(2H)-thione (2) 
A solution of 1-phenyl-3-(pyrimidin-4-yl)ntethyl-
thiourea (24a) (0.49 g, 0.002 mol) in anhydrous toluene 
(20.0 ml) was stirred and heated under reflux for 48h. The 
mixture was evaporated to leave a gummy orange solid (0.43 g) 
which was flash-chromatographed over silica. 
Elution with ethy$cetate-methylene chloride (1:3) gave 
imidazo[1,5-c)pyrimidine-3(2H)-thione (2) as an orange solid 
(0.13 g; 43%) which formed red crystals; m.p. 197° (from 
ethanol), v 
max 	 3 
1630 cm-1 , 	((CD ) 2  SO) 13.42 (1H, brs, NH), 
8.88 (111, t '5,7 and 5,8 1.2Hz, 1-1-3), and 7.31-7.26 (3H, m, 
H-i, H-7 and H-8). 
Found: C, 47.4; H, 3.6; N, 26.8% M, 151 
C6 H 5N 3 5 requires: C, 47.7; H, 3.3; N, 27.8%; M , 151 
A solution of 1-phenyl-3-(pyrimidin-4-yl)methyl-
thiourea (24a) (0.7 g, 0.003 mol) in anhydrous xylene (20.0 
ml) was stirred and heated under reflux in an atmosphere of 
nitrogen for Sh. 	The cooled solution was filtered to give 
an orange-brown solid (0.36 g), m.p. 245° (decomp.) which 
was extracted with boiling methanol and the solution filtered 
to remove some insoluble brown solid and evaporated to 
afford an orange solid (0.31 g). 	This was flash-chromato-- 
graphed over silica. 
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Elution with ethyl acetate-methylene chloride (1:4) 
gave imidazo{1,5-cjpyrimidine-3(2H)-thione (2) as an orange 
solid (0.1 g) which was combined with a second crop obtained 
by evaporating the xylene mother liquor followed by flash-
chromatography of the residue in ethyl acetate-methylene 
chloride (1:4) over silica (total 0.13 g; 24%) and identi-
fied by m.p. 197° and i.r. spectrum with a sample prepared 
in (a) before. 
(c) A solution of 1-methyl-3-(pyrimidin-4-yl)methyl--
thiourea (24b) (0.36 g, 0.002 mol) in anhydrous xylene 
(20.0 ml) was stirred and heated under reflux in an atmos-
phere of nitrogen for 24h. 	The mixture was evaporated to 
leave a brown gummy solid which was extracted with boiling 
methanol and the solution filtered to remove some dark 
intractable solid and evaporated to give a brown-yellow 
semi-solid (0.3 g). 	This was flash-chromatographed over 
silica. 
Elution with ethyl acetate-methylene chloride (1:4) 
afforded imidazo[ 1 , 5-c]pyrimidine- 3( 2 H) -thione (2) as an 
orange solid (0.05 g; 17%), m.p. 200°, identical (m.p. and 
i.r. spectrum) to an authentic sample prepared in (a) before. 
Further elution with ethanol gave an intractable brown 
solid (0.2 g) whose t.l.c. in ethanol over silica showed it 




A mixture of imidazo{ 1 , 5-c]pyrimidine-3 ( 2 H) -thione (2) 
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(0.3 g, 0.002 mol) and phenyl isocyanate (0.48 g, 0.004 
mol) in anhydrous dimethylformamide (20.0 ml) was stirred 
at room temperature for 48h. 	Filtration gave 2-(N- 
phenylcarbamoyl)imidazo[1,5-cjpyrimidine-3(2H)-thione (25) 
as a thermally unstable yellow solid (0.03 g), m.p. 206 0 , 
V 	3180 (NH), 1735 (CO) and 1640 cm- 1,  6(CDC1) 12.71max 
(1H, brs, NH), 9.04 (1H, dd, 1 
5,8 
 1.6 and J5 	1.0Hz, H-S), 
7.84 (1H, d, J 	or 6 or 8 0.4Hz, H-i), 7.74-7.07 (6H, m, 
H-7 and ArH), and 6.98 (111, dd, 3 
7,8 
 6.8 and 35 8  1.61iz, 
H-8) 
Found: C, 57.4; H, 3.6; N, 20.5%; M, 270 
C 13H 10N4 0S requires: C, 57.8; H, 3.7; N, 20.7%; M , 270 
The dimethylformamide mother liquor was evaporated at 
room temperature to leave a yellow solid (0.7 g) which was 
extracted with boiling methylene chloride to leave undis-
solved diphenylurea (0.2 g), identical (i.r. spectrum) to 
an authentic sample. 	The methylene chloride extract was 
evaporated to give a yellow solid (0.45 g) whose i.r. 
spectrum and t.l.c. in ethyl acetate over silica showed it 
to be a mixture of diphenylurea and 2-(N-phenylcarbamoyl)- 
imidazol1 , 5-c]pyrimidine -3 ( 2 H) - thione (25). 	Attempts to 
resolve the mixture without decomposing the product (25) 
were unsuccessful. 
The Attempted Reaction of Imidazo[ 1 , 5-c]pyrimidine -3 ( 2 H) -
thione (2) with Phenylacet wl Chloride in the Presence of 
Triethylamine 
A solution of imidazo[ 1 , 5-cjpyrimidine-3 ( 2 H) - thione (2) 
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(0.3 g, 0.002 mol) in anhydrous 1,4-dioxane (10.0 ml) was 
cooled to 00 (ice-salt bath), stirred, and treated with 
triethylamine (0.22 g, 0.0022 mol) followed by phenylacetyl 
chloride (0.34 g, 0.0022 mol). 	The mixture was stirred at 
room temperature for lh then filtered to remove the pre-
cipitated triethylamine hydrochloride (0.23 g) identical 
(i.r. spectrum) to an authentic sample. 	The dioxane filtrate 
was evaporated at room temperature to leave a yellow-brown 
gum (0.7 g) which was flash-chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:9) gave 
a yellow gum (0.1 g) whose t.l.c. in ethyl acetate over silica 
showed it to be an unresolvable multicomponent mixture 
which was not further investigated. 
Elution with ethyl acetate gave unreacted imidazo-
[ 1,5-c]pyrimidine -3 ( 2 H) - thione (2) as an orange solid (0.2 
g; 70%), m.p. 145°, identified by comparison (m.p. and i.r. 
spectrum) with an authentic sample. 
The Attempted Reaction of Imidazo[1, 5-c]pyrimidine-3 ( 2 H) -
thione (2) with Aniline and Acetone in the Presence of 
Toluene-4-sulphonic Acid 
A mixture of imidazo[ 1,5-c]pyrimidine -3 ( 2H) -thione (2) 
(0.15 g, 0.001 mol), aniline (0.19 g, 0.002 mol) and 
toluene-4-sulphonic acid (0.005 g) in acetone (10.0 ml) was 
stirred and heated under reflux in an atmosphere of nitrogen 
for 24h. 	The cooled solution containing some insoluble 
solid was evaporated to leave a red gum (0.26 g) which was 
flash-chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:4) 
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gave unreacted aniline as a brown oil (0.12 g; 63%), 
identical (i.r. spectrum) to an authentic sample. 
Further elution gave unreacted imidazo [1 ,5 	pyrimidine 
-3(2H)-thione (2) as an o range solid (0.13 q; 87%), m.p. 
2000, identical (m.p. and i.r. and mass spectra) to an 
authentic sample. 
The Reaction of Imidazo[1 ,5-c]pyrimidine-3(2H)-thione (2) 
with Ethyl Iodide in the Presence of Potassium Hydroxide 
• 	Imidazo[ 1 , 5-c]pyrimidine - 3( 2 H) -thione (2) (0.45 g, 
0.003 mol-) was added to a solution of commercial (85%) 
potassium hydroxide pellets (0.2 g, 0.0032 nol) in methanol 
(11.0 ml) and the mixture was stirred at room temperature 
until all of the suspended solid had dissolved. 	The solu- 
tion was treated with ethyl iodide (0.5 g, 0.003 mol) and 
stirred at room temperature for 17h. 	The solution was 
evaporated at room temperature to leave a brown gum which 
was treated with water (15.0 ml) and extracted with diethyl 
ether (6x20.0 ml) to give a yellow-brown oil.. 	This was 
combined with a second brown oil isolated by continuously 
extracting the aqueous mother liquor with methylene chloride 
for 3h, and the whole (0.49 g) flash-chromatographed over 
silica. 
Elution with ethyl acetate-methylene chloride (1:10) 
gave an unresolved mixture, La. cor ccnpo4 cc -wktJa 
.-1-formarnido-2-(2-ethylthioimidazol-4-yl)ethene (30) 	
: 
as a colourless solid (0.07 g; 11%) which formed colourless 
cubic crystals, m.p. 115° (from toluene), 
'max  3110 br (NH) 
and 1650 (CO) cm 1 , 	6(CDC1 3 ) 11 .20 () H, brs, NH),.. 
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9.50 (1H, brs, NH), 8.27 (1H, s, CFI=0), 6.99 (1H, d, 
J9.8Hz, Ha), 6.92 (iu, 5, imidazole 11-5), 5.50 (in, d, nb), 
3.12(211, q, J6.9Hz, 2-C112), and 1.35 (3H, t, .37.4hz, 
CH3). 
Found: C, 48.8; H, 5.7; N, 21.2%; M+, 197 
28u11N30S requires: C, 48.7; H, 5.6; N, 21.3%; H, 197 
Further elution with ethyl acetate gave 3-ethylthio-
imidazoE1,5-c)pyrimidine (28) as a yellow oil (0.38 g; 70%) 
which was purified by high vacuum distillation to give a 
yellow oil, b.p. 90 0 /0.3 mmHg,Nmax-610 cml, 
6(CDC13) 8.92 (1H, brs, n-5), 7.4 (Ui, s, H-l), 7.38 (lH, d, 
7,86.1 Hz, H-7), 7.19 (1H, dd, .3796.6 and 
r5,8 1 .6Hz, H-S), 3.00 (2H, q, .37.3Hz, Cu2), and 1.24 
(3H, t, J7.4Hz, Cu3). 
Found: C, 53.5; H, 5.1; N, 23.3%; M+, 179 
C9H9N3S requires: C, 53.6; H, 5.1; N, 23.4%; H, 179 
The Attempted Synthesis of 5-Methyl-3- ethylthiomidazo-
[l ,5-c]pyrimidine (33) 
A solution of 3-ethylthioimidazo[1,5-c]pyrimidine (28) 
(0.39 g, 0.0021 mol) in anhydrous tetrahydrofuran (10.0 ml) 
was treated at -78 0 (solid CO2-acetone bath) with a 1.37 M 
solution of n-butyllithium in hexane (1.57 ml, 0.0021 mol) and 
the mixture was stirred at -78 ° under an atmosphere of 
nitrogen for 30 mm. The solution was treated with stirring 
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with methyl iodide (0.13 ml, 0.3 g, 0.0021 mol) and 
allowed to warm to room temperature over lh. 	The mixture 
was poured into water (15.0 ml) and extracted with diethyl 
ether (4x15.0 ml) to give a dark viscous oil (0.48 g), 
whose t.l.c. in ethyl acetate and in ethanol over silica 
showed it to be a multicomponent mixture. 	Flash-chromato- 
graphy of the oil over silica gave only a series of 
intractable gums from which no identifiable material could 
be isolated. 
4- (N-Ethoxycarbonyl (aminomethyl)pyrimidine (35) 
A solution of 4-(aminomethyl)pyrimidine (11) (0.44 g, 
0.004 mol) and triethylamine (0.4 g,. 0.004 mol) in anhydrous 
1,4-dioxane (20.0 ml) was stirred and treated at room 
temperature with ethyl chioroformate (0.43 g, 0.004 mol). 
The mixture was stirred at room temperature for lh then 
filtered to remove the precipitated triethylamine hydro-
chloride (0.5 g), identical (i.r. spectrum) to an authentic 
sample. 	The dioxané filtrate was evaporated to afford 
4-(N-e aminomethvl 
	
rimidine (35) as an 
amber oil (0.73 g; 100%) which was purified by high vacuum 
distillation to yield a yellow solid, m.p. 370, h.p. 124°/ 
0.4mmHg, v 	3230 br (NH) and 1710 br (CO) cm 1 , 	(CDC1 3 )max 
9.07 (1H, d, J 
2,5  1.3Hz, H-2) 	8.61 (1H, d, J56 5.2Hz, H-6) 
7.26 (1H, dm, J56 5.2Hz, H-5) , 5.89 (1H, brs, NH), 4.40 
(2H, d, J5.8Hz, CH 2 ), 4.09 (2H, q, J7.2Hz, Cr1 2 ), and 1.19 
(3H, t, J7.lHz, CH 
3 ). 
Found: C, 53.3; H, 6.3; N, 23.3%; M, 181 
C R H ll NO, requires: C, 53.0; H, 6.1; N, 23.2%;. 11 , 181. 
The Attempted Dehydrative Cyclisation of 4-(N-Ethoxy-
carbonylaminomethyl) pyrimidine (35) 
A solution of 4--ethoxycarbonylaminomethyl)pyrimidine 
(35) (0.36 g, 0.002 mol) in anhydrous 1,2-dichioroethane 
(25.0 ml) was stirred and treated at room temperature with 
phosphoryl chloride (1.5 g, 0.01 mol) and the mixture heated 
under reflux for 4h. 	The mixture was evaporated to leave 
a purple gum which was dissolved in ethyl acetate (20.0 ml) 
and the solution vigorously shaken with 2M aqueous sodium 
hydrogen carbonate (20.0 ml). 	The ethyl acetate layer was 
separated and evaporated to yield unreacted 4-(-ethoxy-
carbonylaminomethyl)pyrimidine (35) as a yellow gum (0.17 g; 
47%), identical •(i.r. spectrum) to an authentic sample 
prepared before. 
The aqueous mother liquor was neutralised with 2M 
aqueous hydrochloric acid and 2M aqueous sodium hydroxide 
solution and extracted with methylene chloride (5x20.0 ml) 
to give no organic material. 
1-Phenyl--3-(pyrimidin-4-yi)methylurea (37) 
A solution of 4-(am!nomethyl)pyrimidine (11) (0.44 g, 
0.004 mol) in anhydrous xylene (10.0 ml) was stirred and 
treated at room temperature with phenyl isocyanate (0.48 g, 
0.004 mol). 	The mixture was stirred at room temperature 
for lh then filtered to afford 1-phenyl-3-(pyrimidin-4-yl)-
methylurea (37) asa colourless solid (0.8 g; 88%) which 
formed large colourless needles., m.p. 134° (from ethanol- 
toluene), V 	3310 br (NH) and 1630 (CO) cm 1 , 6[.(CD3)2Solmax 
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9.11 (1H, d, J 
2,5  1.3Hz, H-2), 8.81 (1H, brs, NH), 8.74 
(1H, d, J56 5.2Hz, H-6), 7.496.72. (7H, in, H-5, NH and 
ArH), and 4.41 (2H, d, .35.8Hz, CH 
2 ). 
Found: C, 62.8; H, 5.2; N, 24.5%; M 	 228 
C 12 H 12N4 0 requires: C, 63.1; H, 5.3; N, 24.6%; M , 228 
The xylene mother liquor was evaporated to give a 
yellow gum (0.07 g), whose t.l.c. in ethanol-ethyl acetate 
(1:10) over silica showed it to be an unresolvable multi-
component mixture which was not further investigated. 
The Attempted Dehydrative Cyclisation of 1-Phenyl-3-
(pyrimidin-4-yl)methylurea (37) 
A solution of 1-phenyl-3-(pyrintidin-4-yl)methylurea 
(37) (0.48 g, 0.002 md) in anhydrous 1,2-dichloroethane 
(25.0 ml) was stirred and treated at room temperature with 
phosphoryl chloride (1.5 g, 0.01 mol) and the mixture was 
stirred and heated under reflux for lh. 	Evaporation gave 
a black gum which was treated with 2M aqueous sodium 
hydrogen carbonate (20.0 ml) then extracted with ethyl 
acetate (4x20.0 ml) to give no organic material. 
The aqueous mother liquor was decanted from a black 
intractable gum (0.5 g), neutralised with 2M aqueous hydro-
chloric acid and 2M aqueous sodium hydroxide solution and 
extracted with methylene chloride to yield no organic 
material. 
The Attempted Reaction of 4-(Aminomethyl)pyriniidine (11) 
with Cyanogen Bromide 
-A solution of 4-(aminomethyl)pyrimidine (fl) (0.22g, 
0.002 mci) in methanol (10.0 ml) was stirred and treated 
with a solution of cyanogen bromide (0.53 g, 0.005 mci) in 
methanol (5.0 ml) and the mixture was stirred at room temp-
erature for 3h. 	The mixture was evaporated at room 
temperature to leave a black gum which was treated with 2M 
aqueous sodium hydroxide solution (20.0 ml) and the resulting 
solution extracted continuously with methylene chloride for 
8h to give unreacted 4-(aminomethyl)pyrimidine (11) as a 
brown oil (0.11 g; 50%), identical (i.r. spectrum) to an 
authentic sample prepared before. 
The aqueous mother liquor was neutralised with 2M 
aqueous hydrochloric acid and 2M aqueous sodium hydroxide 
solution then continuously extracted with methylene chloride 
for 6h to give no organic material. 
Chapter 5 
Studies of the Synthesis and Reactivity 
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5.1 Introduction 
Because of the difficulties encountered in the 
synthesis of imidazo{ 1 , 5-c3pyrimidines and the study of 
'their reactivity (see Chapter 4) it was decided to 
investigate the synthesis and reactivity of their benz-
fused analogues, imidao[1,5 -c]quinazolines. 	It was 
anticipated (Scheme 1) that these molecules while retaining 
the potential reactivity anticipated by analogy with 
imidazo(1,5-a)pyridines (see Chapter 2) would exhibit 
enhanced stability compared with the structurally related 
but relatively unstable imidazo[ 1 , 5-c]pyrimidines (see 
Chapter 4). 	Thus the hitherto unknown irnidazo [1 ,5-cII - 
quinazoline-3(2H)-thione (2) should like inidazo[1,5 -a] -
pyridine-3(2H)-thione (see Chapter 2) react with electro-
philes to give initially N(2)-substituted products (4) 
capable of thermal rearrangement to ç(1)-substituted products 
and further through transient isothiocyanate intermediates 
to quinazolinylimidazolidinethiones (9). -  Correspondingly 
ethylation of imidazoti ,5-c]quinazoline-3(2H)-thione (2) 
should afford an S-ethyl derivative (1; X=SEt) the deprotonà-
tion and loss of thioethoxide ion (EtS) from which might 
lead to a novel dipolar species (3) trappable by dipolaro-
philes to give tricyclic adducts (5) and (6). 
Prior to the present studies irnidazo[1,5'-c]pyrimidine 
derivatives with one exception (Scheme 2) were unknown. 	The 
N-cyanoimino-derivative (10) was inadvertently synthesised 
recently in the course of other studies. 13 	As in the studies 
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synthesis described in Chapters 3 and 4, the syntheses 
of imidazo[1,5-c]quinazolines investigated (Scheme 3) were 
based on various annulation reactions of 4-(aminomethyl)-
quinazoline (11). 	Thus, it was anticipated that the 
previously unknown 4-(aminomethyl)quinazoline (11) would 
undergo acylation to afford 4-(acylaminoalkyl)quinazolines 
(12) cyclodehydration of which might yield previously unknown 
1\ 
3-alkyl and 3-arylimJ dazo[1,5-c]quinazoline derivatives 
(13; R = alkyl or aryl). 	This type of synthetic approach 
has been widely used for the synthesis of other bridgehead 
[1,5]-fused imidazoles 2630 ' 3234 (see also Chapter 1). 
Correspondingly, by analogy with imidazo[1,5-a)pyridine-
3(2H)-thione and related bridgehead [1,5]-fused imidazole 
thiones (see Chapter 1, Scheme 22 and Chapter 2) , imi.dazo-
(1,5-clquinazoline-3(2H)-thione (2) should be accessible by 
the direct reaction of 4-(aminomethyl)quinazoline (11) with 
carbon disulphide. 	Alternatively reaction of 4-(amino- 
methyl)quinazoline (11) with phenyl isothiocyanate should 
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which provides another route to imidazo[1,5-cjquinazoline-
3(2H)-thione (2). 
5.2 The Synthesis and Reactivity of Imidazo[1,5 -c]quin-
azoline Derivatives 
The initial synthetic approach (Scheme 4) to the 
previously unreported 4- (aminomethyl)quinazoline (11) 
involved attempts (Scheme 5) to halogenate the methyl 
substituent in the known 107-109  4-methylquinazoline 3-N-
oxide (17) with the intention of converting the resulting 
4-(chloromethyl)quinazoline (19a) into the azide (21) then 
reduction of the latter to the amine (11). 	Thus the com- 
mercially available 2--aminoacetophenone (15) was converted 
into the known 
113 
 oxime (16) which was condensed with 
triethy4orthofornate to give a high yield of a product whose 
melting-point and analytical and spectroscopic properties 
were entirely consistent with its formulation as the known 107-9  
4-methylquinazoline 3-N-oxide (17). 
It is well known ill  that heteroaromatià N-oxides with 
ct-alkyl substituents undergo side-chain chlorination and 
simultaneous deoxygenation on treatment with acid chlorides 
to give the corresponding ct-chlorOalkyl heterocycles. 
Transformations of this type are exemplified by the reaction 
of 2-methylpyridine N-oxide with acetyl chloride to yield 
2-(chloromethyl)pyridine. 	By analogy it was expected that 
4-methylguinazoline 3-N-oxide (17) would react with acetyl 
chloride or toluene-4-sulphonyl chloride (tosylchloride) by 
the mechanism shown in Scheme 5 to afford the required 
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(17) failed to react with acetyl chloride in glacial 
acetic acid at room temperature while at 500  a complex 
mixture resulted. 	On the assumption that the glacial 
acetic acid solvent was causing complicating side-reactions, 
the reaction of the N-oxide (17) with acetyl chloride ifl 
toluene was also investigated. 	However under these con- 
ditions no reaction was observed at room temperature while 
under ref lux ring-cleavage of the quinazoline N-oxide (17) 
occurred giving 2-aminoacetophenone oxime (16) hydrochloride 
in quantitative yield. 	The use of tosyl chloride rather 
than acetyl chloride as the chlorinating agent was no more 
successful. 	Heating 4-methylquinazoline 3-N-oxide with 
tosyl chloride in toluene resulted in the formation of a 
complex mixture which yielded no identifiable material. 
Having failed to achieve the halogenation of the methyl 
substituent in the quinazoline N-oxide (17) attention was 
next turned to the halogenation of the methyl group in 
4-methylquinazoline (18). 	The latter compound was readily 
obtained in high yield (99%) by dithionite reduction of the 
N-oxide (17) as a low-melting solid rather than a liquid 
as reported in the literature. 112 	Depending on the work- 
up procedure used in the dithionite reduction of the 
quinazoline N-oxide (17), the reduced quinazoline (18) was 
either obtained directly or as an unstable bisulphite salt 
which was readily converted into 4-methylquinazoline (18) 
by treatment with aqueous alkali or sublimation. 	By 
analogy 32,79 with methylpyrimidines and methylpyrazines 
(see Chapter 6) it was expected that reaction of 4-methyl- 
quinazoline (18) with N-bromosuccinimide or N-chlorosuccinimide 
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in the presence of an initiator would hopefully result 
(Scheme 4) in the controllable rnonohalogenation of the 
methyl substituent giving the 4-(monohalogenomethyl)-
quinazolines (19a and b) . 	In practice the reaction of 
4-methylquinazoline (18) with a 34% excess of N-chloro--
succinimide in refluxing carbon tetrachloride in the 
presence of dibenzoyl peroxide as initiator gave, in 
addition to a small amount (9%) of the starting material 
(18), a readily separated mixture of roughly equal amounts 
(32% and 39% respectively) of 4-(chloromethyl)quinazoline 
(19a) and 4-(dichloromethyl)quinazoline (20a). 	The 
elemental analysis and spectroscopic properties of both of 
these previously unreported quinazoline derivatives were 
fully in accord with the assigned structures. 	Because of 
the large amount of unwanted 4-(dichloromethyl)quinazoline 
(20a) formed in the chlorination of 4-methylquinazoline (18) 
by N-chlorosuccinimide under standard conditions new con-
ditions were sought which would favour the formation of the 
required 4-(chloromethyl)quinazoline (19a). 	Reaction of 
4-methylquinazoline (18) with a 54% excess of N-chlorosuccini--
mide in carbon tetrachloride in the presence of dibenzoyl 
peroxide at room temperature resulted in a lower yield (12%) 
of 4-(dichloromethyl)quinazoline (20a) and a somewhat enhanced 
yield (40%) of 4-(chloromethyl)quinazoline (19a) together 
with a substantial amount (48%) of the unreacted starting-
material (18). 	The still unsatisfactory rCoture of the 
chlorination of 4-rnethylquinazoline (18) with N-chloro-
succinimide prompted the use of sulphuryl chloride as the 
chlorinating agent. 	However reaction of 4-methylquinazoline 
MM 
(18) with suiphuryl chloride in methylene chloride at 
room temperature gave only a low yield (23%) of 4-(dichloro-
methyl)quinazoline (20a). 
Having failed to effect the efficient monochlorination 
of the methyl-'group in 4-methylquinazoline (18) attention 
was next turned to side-chain bromination of the latter. 
Heating 4-inethyiquinazoline (18) with a two-fold excess of 
N-bromosuccinimide in carbon tetrachloride in the presence 
of dibenzoyl peroxide gave a readily separated mixture of 
two products in moderate overall yield. 	The lower- 
melting, minor product (yield 15%) analysed correctly and 
gave mass and • 1 H n.m.r. spectra allowing its identification 
as 4-(brombmethyl)quinazoline (19b). 	Conversely the higher 
melting, major-product (yield 42%) gave analytical data and 
showed 1 }i n.m.r. absorption in accord with its formulation 
as 4-(dibromomethyl)quinazoline (20b). 	In addition to the 
poor yield of the required 4-(bromomethyl)quinazoiine (19b) 
obtained in the reaction of 4-methylquinazoline (18) with 
N-bromosuccinimide the bromination reaction itself was not 
readily reproduceLble. 	Because of the unsatisfactory 
nature of the side-chain bromination of 4-methylquinazoline 
(18) using N-bromosuccinimide an attempt was made to achieve 
such bromination photolytically in the presence of bromo-
trichloromethane as described by Hthyser 113 and others 114. 
However the attempted photobromination of the methyl group 
in 4-methylquinazoline (18) by irradiation at 254nm in 
benzene at room temperature in the presence of bromotri-
chloromethane gave a complex mixture together with unreacted 
starting-material. 	- 	 - 
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Despite the relative inefficiency of the synthesis 
of the 4-(chloromethyl)quinazoline (19a) and 4-(bromomethyl)-
quinazoline (19b) it was decided, with these compounds in hand 
to investigate (Scheme 4) their conversion into 4-(azido-
methyl)quinazoline (21) reduction of which it was expected 
would yield the required 4-(aminomethyl)quinazoline (11). 
A similar strategy has been applied successfully for the 
synthesis of 2-aminomethylpyrimidines as described in Chapter 
3. 	However the attempted reaction (Scheme 4) of 4-(chloro- 
methyl)quinazoiine (19a) with sodium azide under ref lux in 
aqueous ethanol afforded only an intractable red solid from 
which no identifiable material could be obtained. 	The 
formation of 4-(azidomethyl)quinazoline (21) by reaction of 
4-(bromomethyl)quinazoline (19b) with sodium azide was equally 
unsuccessful. 	Thus the attempted reaction of 4-(bromo- 
methyl)quinazoline (19b) with sodium azide in various 
solvents (ethanol, aqueous ethanol or dimethylformamide) 
at room temperature led only to multicomponent mixtures which 
yielded no identifiable material. 
In view of the failure of the 4-(halogencmethyl)-
quinazolines (19a and b) to react with sodium azide to yield 
the 4-(azidomethyl)quinazoline (21) required as the precursor 
of 4-(aminomethyl)quinazoline (11) it was decided to seek 
an alternative route to the latter compound (Scheme 6) 
It has already been shown 103 (see Chapter 4, Scheme 4) that 
4 - (aminonethyl)pyrimidine can be synthesised by the nitrosa-
tion of the methyl substituent in 4-methylpyrimidine using 
ethyl nitrite in the presence of. hydrogen chloride to afford 
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latter. 	Since 4-(oximinomethyl)quinazoline (24) is a 
known 103  compound it was decided to use it as a source 
(Scheme 6) of the required 4-(aminomethyl)quinazoline (11). 
Repetition of the reaction of 4-methyiquinazoline (18) 
(see before) with ethyl nitrite in ethanol in the presence 
of hydrogen chior Me afforded a low yield (21%) of an off-
white solid product whose physical properties agreed with 
those described in the literature 103 for 4-(oximinomethyl)- 
quinazoline (24). 	The attempted conversion of this compound 
into the previously undescribed 4-(aminomethyl)quinazoline 
(11) by medium-pressure catalytic hydrogenation appeared to 
proceed smoothly. 	However on exposure to the atmosphere 
the reaction mixture rapidly changed colour from yellow to 
purple and subsequent work up gave an intractable purple 
foam. 	On the assumption that this behaviour was due to the 
instability of the amine product (11) the hydrogenation of 
the oxime (24) was repeated with a modified work up procedure 
in which the yellow reaction mixture was immediately filtered 
through celite into ethereal hydrogen chloride in an attempt 
to isolate the amine (11) as a stable hydrochloride. 	However 
this procedure merely resulted in the formation of a 
-hygroscopic solid which. was too unstable to be characterised. 
In an alternative approach to the trapping of the presumed 
unstable amine (11) the yellow hydrogenation mixture derived 
from the oxime (24) was allowed to react with phenyl iso- 
thiocyanate in methanol (Scheme 6). 	This procedure afforded 
a moderate yield (61%) of a well-defined though thermolabile 
solid product whose spectroscopic properties indicate it to 
be the thiourea derivative (14). 	The isolation of this 
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of the oxime (24) does afford 4-(aminornethyl)quinazoline 
(11) which however is unstable in the presence of air. 
Because of the very low yield of the oxime (24) obtained 
by nitrosation of 4-methylquinazoline (18) an attempt 
(Scheme 6) was made to nitrosate the more reactive methyl 
group in 4-methyiquinazoline 3-N-oxide (17) with the 
intention of then catalytically reducing the resulting 
oxime 14-oxide (25) to 4-(aminomethyl)quinazoline (11). 	In 
the event, treatment of 4-methylquinazoline 3-N-oxide (17) 
with ethyl nitrite in ethanol in the presence of hydrogen 
chloride gave a dark intractable solid which could not be 
characterised. 
The previously described synthesis of 4-(aminomethyl)-
quinazoline (11) by the catalytic reduction of 4-(oximino-
methyl)quinazoline (24) had certain drawbacks. 	in particular 
the need to filter off the catalyst from the mixture con-
taming the air-sensitive amine (11) with consequent reduction 
of the yield of the latter. 	It was therefore decided to 
seek a more convenient method for the synthesis of 4- (amino-
methyl)quinazoline (11) which would avoid this difficulty. 
The method chosen (Scheme 7) to avoid handling difficulties 
involves the direct arnmno1sis of 4-(bromomethyl)quinazoline 
(19b). 	Thus the latter compound was added as a fine powder 
to liquid ammonia at -78° under nitrogen and the mixture 
allowed to evaporate under a stream of nitrogen overnight. 
The resulting purple solid was then treated under nitrogen 
with a solution of phenyl isothiocyanate in methanol giving 
the thiourea derivative (14) in excelt&nt yield (93%) 
With the thiourea derivative (14) now readily available 
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attention was next directed to the study of 'tscyclisation 
to imidazo[1,5-cjquinazoline-3(2H)-thione (2) one of the 
original synthetic targets of the present studies (see 
Chapter 3). 	Thermolysis (Scheme 7) of the thiourea 
derivative (14) in ref luxing xylene under nitrogen afforded 
a moderate yield (47%) of a yellow solid product whose 
elemental analysis and spectroscopic properties were consis- 
tent with the imidazoquinazoline structure (2). 	The 'H 
n.ni.r. spectra in particular showed a prominent one proton 
singlet at 38.81 due to the proton at the 5-position. 
Heating the thiourea derivative (14) under reduced pressure 
in the absence of solvent also afforded the imidazoquinazoline 
derivative (2) in moderate yield (44%) . 	The imidazo- 
quinazolinethione. (2) was also formed more directly and in 
much enhanced yield (87%) by heating 4-(aminomethyl)quin-
azoline with carbon disulphide in methanol, a method already 
described in the literature 45154  for the synthesis of 
imidazo[1 ,5-aJpyrazine --3 ( 2 H) -thione derivatives (see Chapter 
1, Scheme 22 and Chapter 6). 
Having successfully synthesised imidazo{i ,5 -c]quin -
azoline-3(2H)-thione (2) attention was now turned to the 
study of its reactivity (Scheme 7) which it was anticipated 
would be analogous to that of imidazb[ 1 , 5-ajpyridine-3 ( 2 H) - 
3 
thione (see Chapter 2) as outlined in Scheme 1. 	In 
particular it was anticipated that by analogy with imidazo-
[1 ,5-a]pyridine-3(2H)-thione the imidazoquinazolinethione (2) 
would react with aniline and aceton, ir)iglyrne in the 
the- _mida2oLicLrnJhovca6yI n pr ca. 
presence of ptsaAafford. .oniy a moderate recovery of 
unreactive starting material (2) plus an unresolvable 
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multicomponent mixture ,w'&45 ob€aJfleCI' 
An attempt was next made to simulate the behaviour  
of 3-ethylthioimidazo[1,5-ajpyridine as a precursor of a 
novel 1,3-dipolar species (see Chapter 1) using an appro-
priate 3-alkylthioimidazoquinazolinethione as already out-
lined in Scheme 1 [(1; X=Alk) -*- (3) -*(5) or (6)]. 	To this 
end the imidazoquiiC"azolinethione (2) was converted (Scheme 
7) by reaction with ethyl iodide in methanol in the presence 
of potassium hydroxide at room temperature into 3-ethylthio-
imidazo[1,5 -c]quinazoline (27) in high yield (90%). 	The 
product (27) gave a combustion analysis and showed 1 H n.m.r. 
absorption entirely consistent with its assigned structure. 
The first step involves 	the formation of the proposed 
1,3-dipolar species (3) (see Scheme 1) and deprotonation 
at the 5-position in the imidazoquinazoline nucleus (1). 
Thus, lithiation of 3- ethylthioimidazotl,5 -a]pyrimidine with 
butyllithium in tetrahydrofuran at -78° followed by quenching 
with methyl iodide is reported to afford an essentially 
quantitative yield of the corresponding 5-methyl derivative. 
It was therefore decided to attempt to similarly trap the 
incipient carbanion involved in the case 	the 3-ethylthio 
derivative (27) . 	However, the reactionIScheme 7) of 
(utU- 
ethylthioimidazoEi ,S -c]quinazoline (27)butyllithium in 
tetrahydrofuran at -78° followed by quenching with methyl 
iodide gave only a complex mixture which failed to yield 
an identifiable product. 	The attempted conversion (Scheme 
7) of the ethylthioimidazoquinazoljne (27) into the cyclo-
adduct (29) was equally unsuccessful indicating the failure 
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dipolar species [see Scheme 1, (1; XEt)-*13H. 	Thus 
treatment of 3-ethylthioimidazo[1,5-c]quinazoline (27) 
with butyllithium in tetrahydrofuran at -78° followed by 
quenching with benzonitrile gave only a gum from which no 
identifiable material could be isolated. 	The failure of 
imidazo[1,5-c]quinazoline-3(2H)-thione () and its S-ethyl 
derivative (27) to exhibit similar reactivity to the corres-
ponding imidazo[ 1 , 5-a]pyridine derivatives (see Chapter 2) 
was disappointing. 	However further studies of the reactions 
of the imidao[1,5 -c]quinazoline derivatives (2) and (27) 
will be needed before their analogous behaviour to the 
corresponding imidazo[1 , 5-c]pyridine derivatives(see Chapter 
2) can definitely be excluded. 
Having developed a viable method (Scheme 7) for the 
in situ synthesis of 4(aminomethyl)quinazoline (11) from 
4-(bromomethyl)quinazoline (19b) it was decided to attempt 
the in situ conversion of the amine (11) into the previously 
unreported parent (31) of the imidazo[1,5 -c]quinazoline ring 
system by the sequence of reactions shown in Scheme 8. 
These involve the in situ conversion of the amine (11) into the 
formamido derivative (30) followed by the cyclodehydration 
of the latter using phosphoryl chloride or polyphosphoric 
acid. 	Unfortunately the attempted in situ reaction of the 
amine (11) with formic acid failed to afford the required 
formamido-derivative (31) only a low yield of an intractable 
gum being obtained. 	Lack of time prevented the further 
investigation of the viability of the synthetic strategy for 





2-Aminoacetophenone (15) was purchased from the 
Aldrich Chemical Co. and was used without further Purifi-
cation. 
2-Aininoacetophenone Oxime (16) 
A solution of 2-aminoacetophenone (15) (13.5 g, 0.1 mol) 
in ethanol (200 ml) was mixed with a solution of hydroxyl-
amine hydrochloride (48.0 g, 0.69 mol) in water (200 ml) and 
the mixture was heated under reflux for lh. 	The mixture was 
concentrated to approximately one half of the original volume 
and the resulting mixture was filtered to afford the hydro-
chloride of 2-aminoaetophenone oxime (16) as a colourless 
solid (17.8 g), m.p. 190°. 	This was treated with saturated 
aqueous sodium hydrogen carbonate solution (20.0 ml) and the 
insoluble solid was collected and combined with a second crop 
obtained by evaporating the - 	aqueous mother liquor, 
treating the residue with saturated aqueous sodium hydrogen 
carbonate solution (40.0 ml) and extraction of the combined 
aqueous sodium hydrogen carbonate mother liquors with ethyl 
acetate, to give the known 110 2-aminoacetophenone oxime (16) 
(total 14.7 g; 99%), m.p. 103 ° (lit., 110  109°). 
4-Methylquinazoline .3--oxide (17) 
A solution of 2-aminoacetophenone oxime (16) (23.6 g, 
0.16 mol) in triethyl orthoformate (170 ml) was stirred and 
heated under reflux for 30 mm. 	The cooled mixture was 
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filtered to give a yellow solid which was combined with 
a second crop obtained by evaporating the triethyl ortho-
formate filtrate, to give the known 109  4-methylguinazoline 
3-N-oxide (17) (total 25.1 g; 100%) which formed pale yellow 
needles, m.p. 176° (from toluene light petroleum/b.p. 80-100 ° ) 
(lit., 
109  174 0 ), 6(CDC1 3 ) 8.90 (1H, s, H-2) , 7.91-7.77 (2H, 
M, H-S and H-8), 7.70-7.56 (2H, in, H-6 and H-7), and 2.78 
(2H, 5, CH3 -4). 
Found: C, 67.2; H, 5.2; N, 17.7%; I4, 160 
Caic. for C 9 H8N20: C, 67.5; H, 5.0; N, 17.5%; £4 , 160 
Attempted Syntheses of 4-(Chloromethyl)quinazoline (19a) 
4-Methylquinazoline 3-N-oxide (17) (0.32 g, 0.002 
mol) was heated under ref lux with acetyl chloride (7.5 ml) and 
glacial acetic acid (2.5 ml) for 3h. 	The mixture was 
evaporated to leave a black gummy solid (0.45 g) which was 
treated with saturated aqueous sodium hydrogen carbonate 
solution and extracted with methylene chloride (4x10.0 ml) 
to give a brown gummy solid (0.3 g), whose t.l.c. in ethyl 
acetate over silica showed it to be an unresolvable multi-
component mixture which was not further investigated. 
A solution of 4-methyiquinazoline 3-N-oxide (17) 
(0.32 g, 0.002 mol) in glacial acetic acid (2.5 ml) was stirred 
and treated dropwise at room temperature with acetyl chloride 
(7.5 ml) and the solution was stirred at room temperature for 
5h. 	After this time t.l.c. of the mixture in ethyl acetate 
over silica showed the presence of only the unreacted 
starting-materials and so the solution was heated at 50° (water 
bath) for lh then evaporated to leave a brown-green gum. 
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The gum was treated with saturated aqueous sodium hydrogen 
carbonate solution and extracted with methylene chloride 
(3x10.0 ml) to afford a brown gum (0.3 g), whose t.l.c. in 
ethyl acetate over silica showed it to be an unresolvable 
multicomponent mixture which was not further investigated. 
.A solution of 4-methylquinazoline 3-N-oxide (17) 
(0.32 g, 0.002 mol) in anhydrous toluene (15.0 ml) was stirred 
and treated dropwise at room temperature with a solution of 
acetyl chloride (0.16 g, 0.002 mol) in anhydrous toluene (5.0 
ml) and the mixture was stirred at room temperature for 2.5h. 
After this time t.l.c. of the mixture in ethyl acetate over 
silica showed the presence of only the unreacted starting 
materials and so the mixture was heated under reflux for 
5.5h. 
The mixture was evaporated to give the hydrochloride of 
2-aminoacetophenone oxime (16) (0.38 g; 100%), m.p. 183° 
identified by comparison (m.p. and i.r. spectrum) with an 
authentic sample prepard before. 	The hydrochloride (0.38 g) 
was treated with saturated aqueous sodium hydrogen carbonate 
solution and extracted with methylene chloride (3x10.0 ml) 
to give 2-aminoacetophenone oxime (16) as a yellow-brown gum 
(0.25 g; 83%), identical (i.r. spectrum) to an authentic 
sample prepared before. 
A solution of 4-methylquinazoline 3-N-oxide (17) 
(0.32 g, 0.002 mol) in anhydrous toluene (15.0 ml) was treated 
with a solution of toluene-4-sulphonyl chloride (0.38 g, 0.0022 
mol) in anhydrous toluene (20.0 ml) and the mixture was 
heated under reflux for 2h. 	The hot solution was decanted 
MAN 
from a dark solid (0.5 g) which was treated with saturated 
aqueous sodium hydrogen carbonate solution and extracted 
with methylene chloride (5x20.0 ml) to yield a brown gum 
oc.'ed 16 
whose t.l.c. in ethyl acetate over silicaçt3ta multi- 
component mixture from which no identifiable material could 
be obtained. 
4-Methylguinazoline (18) 
(a) A mixture of 4-methylquinazoline 3-N-oxide (17) 
(16.0 g, 0.1 mol) and sodium dithionite (16.0 g) in 70% v/v 
aqueous ethanol (360 ml) was stirred and heated under reflux 
for lh. 	A further quantity of sodium dithionite (16.0 g) 
was added and the mixture was heated under reflux for a 
further lh. 	The mixture was filtered to remove inorganic 
material, and the filtrate was concentrated to approximately 
one third of its original volume then diluted with water (100 
ml) to precipitate 4-methylquinazoline hydrogen sulphite 
(14.6 g; 65%) which formed large colourless needles, m.p. 
170° (sublim.) (from water), v 
max  1665 and 1625 cm 1 , 
6[(CD 3 ) 2 SO] 8.39 (1H, s, H-2), 7.51-6.98 (4H, m, ArH) and 
1.83 (3H, s, CH 3 -4) 
Found: C, 48.3; H, 4.3; N, 12.2%; (M-HO 3 ) , 144 
C 9 HJ4 2O3 S requires: C, 48.0; H, 4.0; N, 12.4%; M, 22 
which was combined with the aqueous mother liquor and the 
mixture basified with 2M aqueous sodium hydroxide solution 
(73.0 ml) and extracted continuously with methylene chloride 
to give the known 112 4-methylguinazoline (18) wsa colourless 
solid (11.2 g; 78%), m.p. 30°, (lit., 112 b.p. 142°/20 mmHg) 
V 	isis cm- 1, &(CDcl) 9.03 (1H, s, H-2)17.88 (2H, m, H-Smax 
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and H-B), 7.72 (lii, ddd, J8.3, J6.8 and J1.4Hz, H-6 or 
H-7), 7.47 (1H, ddd, J8.3, J.9 and 31.4Hz, H-7 or 
and 2.79 (3H, s, CH 3 -4). 
4-Methylquinazoline hydrogen sulphite also sublimed 
under reduced pressure to give 4-methylquinazoline (18) as a 
solid (yield quant.), m.p. 29 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
A mixture of 4-methylquinazoline-3--N-oxide (17) 
(15.2 g, 0.095 md) and sodium dithionite (15.2 g) in 70% v/v 
aqueous ethanol (340 ml) was stirred and heated under reflux 
for lh. 	A further quantity of sodium dithionite (15.2 g) 
was added and the mixture was heated under reflux for a further 
lh. 	The resulting mixture was filtered to remove inorganic 
material (11.7 g) and the filtrate was evaporated and the 
residue treated with water (150 ml) then with solid sodium 
hydrogen carbonate until gas evolution ceased. 	The aqueous 
mixture was extracted with methylene chloride (5x50.0 ml) to 
give 4-methyiquinazoline (18) as a yellow-brown solid (13.5 g; 
100%), m.p. 29°, identical (m.p. and i.r. spectrum) to a 
sample prepared in (a) before. 
4 - (Chloromethyl)quinazoline (19a) and 4-(Dichloromethyl)-
quinazoline (20a) 
(a) A mixture of 4-methylquinazoline (18) (1.4 g, 001 
mol) , N-chlorosuccinimide (1.8 g, 0.013 mol) and dibenzoyl 
peroxide (0.016 g) in anhydrous carbon tetrachloride (30.0 
ml) was stirred and heated under reflux for 15h. 	The mixture 
was cooled to 0 0 then filtered to remove the succinimide 
by-product which was well washed with carbon tetrachlbride. 
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The combined carbon tetrachloride mother liquor and 
washings were evaporated to give a yellow gummy solid (1.85 
g), which was extracted with boiling light petroleum and 
the extract filtered from some brown gummy solid (0.1 g) and 
re-evaporated to afford a yellow gummy solid (1.75 g) which 
was flash-chromatographed over silica. 
Elution with ethyl acetate-cyclohexane (1:7) gave oils 
(total 0.08 g) followed by 4-(dichloromethyl)quinazoline (20a) 
as a colourless solid (0.8 g; 39%) which formed colourless 
crystals, m.p. 112 0 (from toluene-light petroleum/b.p. 80-
100°), \) max1615 cm- 1,  6(CDC1 3 ) 9.32 (1H, 5, H-2), 8.58 
(1H, dm, .37.9Hz, H-8), 8.23-7.63 (3H, m, ArM), and 7.16 (1H, 
s, CH) 
Found: C, 50.6; H, 2.8; N, 13.4%; M, 216, 214 and 212 
C 9H6 C1 2N 2 requires.: C, 50.7; H, 2.8; N, 13.2%; M , 213 
Further elution gave 4-(chloromethyl)guinazoline (19a) 
as a pale yellow solid (0.6 g; 32%) which formed pale yellow 
crystals, m.p. 77° (from light petroleum/b.p. 80-100 ° ), 
Umax  1615 cm- 1, 5(CDC1 3 ) 9.28 (1H, s, H-2), 8.20 (1H, dm, 
.38.6Hz, H-8), 8.07-7.58 (3M, m, ArH), and 5.05 (2H, s, CH 2 ). 
Found: C, 60.7; H, 3.9; N, 15.7%; M+ , 180 and 178 
C Q H7C1N requires: C, 60.5; H, 4.0; N, 15.7%; M , 178.5 
Subsequent elution with ethyl acetate-cyclohexane (1:2) 
gave unreacted 4-methylquinazoiine (18) as a yellow oil (0.13 
g; 9%) , identical (i.r. spectrum) to an authentic sample. 
(b) A mixture of 4-methylquinazoline (18) (5.0 g, 0.035 mol) 
N-chlorosuccinimide (7.3 g, 0.055 mol), and dibenzoyl peroxide 
(0.01 g) in anhydrous carbon tetrachloride (100 ml) was stirred 
at room temperature for 20h. 	The mixture was filtered to 
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remove the succinimide by-product and the filtrate was 
evaporated to leave a viscous oil (7.3 g) which was flash-
chromatographed over silica. 
Elution with diethyl ether gave 4-(dichloromethyl)-
quinazoline (20a) as a brown solid (0.85 g; 12%), m.p. 110 0 , 
identified by comparison (m.p. and i.r. and 'H n.m.r. spectra) 
with an authentic sample prepared in (a) before. 
Further elution gave 4-(chloromethyl)quinazoline (19a) 
as a colourless solid (2.5 g; 40%), m.p. 74°, identified by 
comparison (m.p. and i.r. and 'H n.rn.r. spectra) with an 
authentic sample prepared in (a) before. 
Further elution gave unreacted 4-methylquinazoline (18) 
as a colourless solid (2.4 g; 48%), m.p. 28°, identified by 
comparison (m.p. and i.r. and 1H n.n.r. spectra) with an 
authentic sample. 
(c) A solution of 4-methyiquinazoline (18) (0.58 g, 
0.004 mol) in methylene chloride (5.0 ml) was stirred, at 
room temperature and treated dropwise with a solution of 
sulphuryl chloride (0.6 g, 0.0044 mol) in methylene chloride • 
(5.0 ml) at such a rate that the reaction temperature was <30 0 . 
The mixture was stirred at <30 0 for 2h then washed with 
saturated aqueous sodium hydrogen carbonate solution (2x10.0 
ml) and evaporated to give a gummy solid (0.4 g) which was 
flash-chrornatographed over silica. 
Elution with ethyl acetate gave 4-(dichloromethyl)-
quinazoline (20a) as a colourless solid (0.2 g; 23%), m.p. 
1110, identical (m.p. and i.r. spectrum) to an authentic 
sample prepared in (a) before. 
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4-(Bromomethyl)quinazoline (19b) and 4-(Dibromomethyl)-
quinazoline (20b) 
A mixture of 4-methyiquinazoline (18) (21.6 g, 0.15 
mol), N-brornosuccinimide (53.4 g, 0.3 mol) , and dibenzoyl 
peroxide (0.075 g) in anhydrous carbon tetrachloride (200 
ml) was stirred and heated under ref lux for 18h. 	The 
mixture was cooled and filtered to remove the succinimide 
by-product and the filtrate was evaporated to leave a colour-
less solid (26.5 q) which was flash-chromatographed over 
silica. 
Elution with ethyl acetate-methylene chloride (1:4) gave 
4-(dibromomethyl)quinazoline (20b) as a colourless solid 
(18.9 g, 42%) which formed colourless needles, m.p. 136 ° 
(from ethanol), v max 1610 cm 1 , 	[(CD 3 ) 2 SO] 9.40 (1H, s, H-2), 
8.55 (1H, dm, J9.3Hz, H-B), 8.22 (IN, s, CM), and 8.13-7.75 
(3M, m, ArH). 
Found: C, 35.8; H, 2.0; N, 9.3%; M, 304, 302 and 300 
C 9 M6Br2N2 requires: C, 35.5; H, 1.9; N, 9.2%; M , 302 
Elution with ethyl acetate afforded thermally unstable 
4-(bromomethyl)quinazoline (19b) as a colourless solid (4.9 g; 
15%), m.p. 79°, V 	 1615 cm- 1, 	[(CD 3 ) 2 S0] 9.26 (1H, 5, H-2)max 
8.42 (1H, dt, J 	 8.1 and J58 and/or 6,8 1.2Hz, H-8), 8.167,8 
7.71 (3M, m, ArM) and 5.20 (2H, s, CM 2 ). 
Found: C, 48.5; H, 3.0; N, 12.5%; M, 224 and 222 
C 9 H7 BrN 2 requires: C, 48.5; H, 3.2; N, 12.6%;. M , 223 
The Attempted Photo-bronination of 4-Methylguinazoline (18) 
A solution of 4-methylguinazoline (18) (1.4 q, 0.01 mol) 
and bromotrichloromethane (7.9 g, 0.04 mol) in anhydrous 
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benzene (200 mol) was irradiated at 254nm under nitrogen 
for llh using a Hanovia medium pressure photochemical 
reactor. 	The mixture was evaporated to leave a purple- 
green gum (1.7 g) which was flash-chromatographed over 
silica. 
Elution with ethyl acetate gave unreacted 4-methyl-
quinazoline (18) as a colourless solid (0.5 g; 33%) , m.p. 
29°, identical (m.p. and i.r. spectrum) to an authentic 
sample prepared before. 
Elution with ethanol gave a green solid (0.4 g) whose 
t..l.c. in ethanol over silica showed it to be a multi-
component mixture which was not further investigated. 
Subsequent elution with methanol gave a green solid 
(0.5 g), whose t.l.c. in ethanol over silica showed it to be 
a multicomponent mixture which was not further investigated. 
Attempted Syntheses of 4-(Azid6methyl)quinazoline (21) 
(a) A mixture of 4-(chloromethyl)quinazoline (19a) 
(1.0 g, 0.0055 mol) and sodium azide (0.72g, 0.011 mol) in 
70% v/v aqueous ethanol (10.0 ml) was stirred and heated under 
reflux for 1.5h. 	The mixture was evaporated and the residue 
was treated with water (10.0 ml) to afford an amorphous brown 
solid (0.06 g) whose i.r. and 'H n.m.r. spectra were uninfor-
mative. 
The aqueous mother liquor was extracted with methylene 
chloride (5xlO.0 ml) to afford an. intractable red solid (0.5 
g) which was flash-chromatoraphed over silica. 
Elution with methylene chloride through to methanol 
resulted only in small amounts of intractable solids which 
were not further investigated. 
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A mixture of 4-(bromomethyl)quinazoline (19b) 
(2.2 g, 0.01 mol) and sodium azide (1.3 g, 0.02 mci) in 
70% v/v aqueous ethanol (20.0 ml) was stirred at room 
temperature for 17h. 	The mixture was evaporated at room 
temperature and the residue was treated with water (15.0 ml) 
and extracted with methylene chloride (3x10.0 ml) to give,a 
gummy red solid (1.9 g) which was flash-chromatographed over 
silica. 
Elution with ethyl acetate-methylene chloride (1:10) 
followed by ethyl acetate-methylene chloride (1:5) gave only 
small amounts of gums (total 0.8 g) whose t.l.c. in ethyl 
acetate over silica showed them to be multicomponent mixtures 
which were not further investigated. 
A mixture of 4-(bromomethyl)quinazoline (19b) (0.44 
g, 0.002 mol) and sodium azide (0.26 g, 0.004 mol) in 
absolute ethanol (10.0 ml) was stirred at room temperature 
for 6h. 	The mixture was evaporated and the residue was 
flash-chromatographed over silica. 
Elution with methanol-ethyl acetate (1:10) gave a brown 
.foam (0.2 g) whose t.l.c. in ethyl acetate over silica 
showed it to be an unresolvable multicomponent mixture which 
was not further investigated. 
Final elution with methanol gave only an intractable 
brown solid (0.2 g) from which no identifiable material could 
be obtained. 
A mixture of 4-(bromomethyl)quinazoline (19b) (0.44 
g, 0.002 mol) and sodium azide (0.26 g, 0.004 mol) in anhydrous 
dimethylformamide (10.0 ml) was stirred at room temperature 
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for 70h. 	The mixture was evaporated at room temperature 
under high vacuum to give a brown gum which was flash-
chromatographed over silica but gave no identifiable material. 
4-(Oximinomethyl)quinazoline (24) 
4-(Oximinomethyl)quinazoline (24) was prepared by the 
reaction of 4-methylquinazoline (18) with ethyl nitrite in 
ethanol in the presence of hydrogen chloride as described 103 
by Bredereck, Sinchen and Speh (yield 21%), m.p. 194 ° (lit., 103 
194?), and was used without further purification. 
Attempted Syntheses of 4-(Amiitomethyl)quinazoline (11) 
A solution of4-(oximinomethyl)quinazoline (24) 
(1.7 g, 0.01 mol) in methanol (140 ml) was hydrogenatad over 
10% palladium-on-charcoal (0.23 g) at room temperature and 
2 atm. pressure for 4h. 	The mixture was filtered through 
celite under an atmosphere of nitrogen and the filtrate was 
evaporated to leave a dark purple gummy solid (1.5 g) which 
was flash-chromatographed over silica. 
Elution with ethanol then methanol gave a purple gum 
(1.4 g) which was triturated with ethyl acetate to give an 
intractable purple solid (0.4 g) m.p. 140° (decomp.), which 
could not be characterised. 	The ethyl acetate mother liquor 
was evaporated to lave an intrac table purple foam (0.85 g) 
m.p. 80° (decomp.), from which no identifiable material could 
be obtained. 
A solution of 4-(oximinomethyl)quinazoline (24) 
(0.34 g, 0.002 mol) in methanol (140 ml) was hydrogenated 
over 10% palladium-on-charcoal (0.06 g) at room temperature 
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and 2 atm. pressure for 6h 
	
The mixture was filtered 
through celite into a saturated solution of hydrogen chloride 
in diethyl ether (50.0 ml) under nitrogen and the mixture 
was stirred at room temperature for 16h. 	The mixture was 
evaporated to leave a black hygroscopic solid which decom-
posed on attempted purification. 
4-(Aminomethyl)quinazoline (11) and 1-(Quinazolin:-4-yl)-
methyl-3-phenylthiourea (14) 
(a) A solution of 4-(oximinomethyl)quinazoline (24) 
(0. 34 g, 0.002 mol) in methanol (140 ml) was hydrogenated 
over 10% palladium-on-charcoal (0.03 g) at room temperature 
and 2 atm. pressure for 4h. 	The mixture was filtered 
through celite into a solution of phenyl isothiocyanate 
(0.27 g, 0.002 mol) in methanol (20.0 ml) under nitrogen and 
the solution left under nitrogen at room temperature for lh. 
The mixture was evaporated to leave a gummy solid which was 
washed with methylene chloride to give 1-(quinazolin-4-yl)-
methyl-3-phenylthiourea (14) as a colourless the±molabile 
solid which was combined with a second crop obtained by 
evaporating the methylene chloride mother liquor, and washing 
the residual solid with 2M aqueous sodium hydroxide solution 
then with boiling ethanol (total 0.36 g; 61%) and was purified 
by dissolution in 2M aqueous hydrochloric acid then repre-
cipitation with 2M aqueous sodium hydroxide solution to give 
colourless crystals, m.p. 198° (with resolidification then 
remelting at 280°), 
umax  3120 hr (NH) and 
8[(CD 3 ) 2 so] 10.03 (1H, brs, NH), 9.25 (1H, 5, H-2), 8.33 
(1H, brd, J8.lHz, H-B), 8.04-7.12 (8H, m, ArH) , 6.78 (1H, 
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brs, NH), and 5.47 (2H, brs, CH 2 ). 
Found: C, 63.0; H, 4.8; N, 18.2%; M 	294 
C 16 H 14 N4 S requires: C, 65.3; H, 4.8; N, 19.0%; M , 294 
Evaporation of the ethanol mother liquor gave a gum 
(0.12 g) whose t.l.c. in ethanol over silica showed it to 
be an unresolvable multicomponent mixture which was not 
further investigated. 
(b) 4-(Bromomethyl)quinazoline (19b) (0.9 g, 0.004 md) 
was added as a fine powder with stirring to liquid ammonia 
(ca.100 ml) at -78° (acetone-solid CO  bath) under an atmos-
phere of nitrogen and the mixture stirred at -78° for 2h. 
The mixture was then allowed to evaporate at room temperature 
to obtain 4-(aminomethyl)quinazoline ( 17 ) as an unstable 
purple solid residue which was quickly treated at room 
temperature under nitrogen with a solution of phenyl isothio-
cyanate (0.54 g, 0.004 mol) in methanol (50.0 ml) and the 
mixture stirred under nitrogen at room temperature for lh. 
The mixture was filtered and the colourless solid was 
combined with a second crop obtained by evaporating the 
methanol mother liquor and treating the purple gum obtained 
with saturated aqueous sodium hydrogen carbonate solution 
(30.0 ml) to give 1-(quinazolin-4-yl)methyl-3-phenylthiourea 
(14) (total 1.1 g; 93%), m.p. 288° identical (m.p. and i.r. 
spectrum) to an authentic sample prepared in (a) before. 
The Attempted Synthesis of 4-(Oximinonethyl)quinazoline 
3-N-oxide (25) 
A solution of 4-methylquinazoline 3-N-oxide (17) (1.6 g, 
0.01 mol) in absolute ethanol (60.0 ml) was cooled to 00 
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(ice-salt bath) and treated dropwise with stirring with 
a solution of hydrogen chloride (0.9 g, 0.025 mol) in 
absolute ethanol (3.0 ml) followed by a solution of ethyl 
nitrite (0.75 g, 0.01 mol) in absolute ethanol (1.5 ml) 
while keeping the temperature between 0-5 ° . 	The mixture 
was stirred at room temperature for 30 min by which time it 
had turned black 	. 	The mixture was evaporated and 
the residue was treated with water (20.0 ml) and neutralised 
with 2M aqueous sodium hydroxide solution and glacial acetic 
acid, then extracted with methylene chloride (7x50.0 ml) to 
give a black intractable solid (0.8 g),m.p. >350°, whiáh 
could not be characterised and was not further investigated. 
Imidazo[1,5 -c]quinazoline-3(2H)-thione (2) 
(a) A mixture of 3-(quinazolin74-yl)methyl-3-phenyl-
thiourea (14) in anhydrous xylene (40.0 ml) was stirred under 
nitrogen and heated under reflux for 18h. 	The mixture was 
filtered hot to afford imidazo[1,5-c]guinazoline-3(2H)-thione 
(2.) as a pale green solid (0.2 g; 47%) which formed large 
yellow crystals, m.p. 3100  (decomp.) (from dimethylformamide), 
Umax 1645 (C=N) cm- 1, 6[(CD 3 ) 2 SO] 8.81 (1H, s, H-5), and 
8.02-7.47 (5H, in, ArH). 
Found: C, 59.4; H, 3.5; N, 21.0%; M, 201 
C 10 H 7N3.S requires: C, 59.7; H, 3.5; N, 20.9%; M , 201 
The xylene filtrate was evaporated to leave a brown 
gummy solid (0.33 ci) which was washed with methanol to give. 
unreacted 1 - (quinazolin-4-yl)methyl-3-phenylthj.ourea (14) 
as a pink solid (0.07 g; 12%), m.p. 179 0 , identified by 
comparison (i.r., 'H n.m.r. and mass spectra) with an authentic 
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sample prepared before. 
The methanol mother liquor was evaporated to leave 
a brown gum (0.3 g) whose t.l.c. in ethyl acetate over silica 
showed it to be an unresolvable multicomponent mixture which 
was not further investigated. 
1 - (Quinazolin-4-yl)methyl-3-phenylthiourea (14) 
(0.05 g, 0.00017 mol) contained in a 'cold finger' sublima-
tion apparatus was heated in a Wood's metal bath under reduced 
pressure at 225 0 /2mmHg, for 15 mm. 	Unreacted 1-(quinazolmn- 
4 -yl)methyl-3-phenylthiourea (14) sublimed as a grey solid 
(0.025g; 50%) m.p. 188°, identified by comparison (n.p. and 
i.r. spectrum) with an authentic sample. 	The unsublimed 
residue was collected to give imidazo[1,5-cjquinazoline-
3(2H)-thione (2) as a green solid (0.015 q; 44%), m.p. 300° 
(decomp.) identified by comparison (m.p. and i.r., 1 H n.m.r. 
and mass spectra) with an authentic sample prepared in (a) 
before. 
4 - (Bromomethyl)quinazolmne (19b) was added as a fine 
powder with stirring to liquid ammonia (ca.200 ml) at -78 0  
(acetone-solid CO  bath) under an atmosphere of nitrogen and 
the mixture was stirred at -78° for 2h. 	The mixture was then 
allowed to evaporate at room temperature to leave a purple 
solid which was quickly treated with a solution of carbon 
disulphide (16.0 ml) in methanol (200 ml). 	The resulting 
mixture was stirred under nitrogen and heated under reflux 
for 2h then evaporated to leave a purple gum which was 
triturated with water (40.0 ml) and the resulting solid was 
washed with ethanol to give imidazo{1,5-c)quinazolin-3(2H)-
thione (2) as a green-brown solid (1.4 g; 87,%), m.p. 300° 
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(decomp.), identical (m.p. and i.r. spectrum) to an authentic 
sample prepared in (a) before. 
The ethanol mother liquor was evaporated to give a black 
intractable gum (0.2 g) which yielded no further identifiable 
material. 
The Attempted Reaction of Imidazo[1,5 -c]quinazoline - 3(2H) -
thione (2) with Aniline and Acetone in the Presence of 
Toluene-4-sulphonjc Acid 
A mixture of imidazo{1,5-cjquinazoline-3(2H)-thione (2) 
(0.4 g, 0.002 mol), aniline (0.37 g, 0.004 mol), acetone 
(0.24 g, 0.004 mol) and toluene-4-sulphonic acid (0.005 g) 
in di-(2-methoxyethyl) ether (diglyme) (20.0 ml) was stirred 
under nitrogen and heated under reflux for 24h. 	The mixture 
was evaporated to leave a brown gum (0.74 g) which was 
triturated with methylene chloride to give unreacted 
imidazo[1,5-c]quinazoline-3(2H)-thione (2) as a brown solid 
(0.2 g; 50%), m.p. 300° (decomp.), identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
The methylene chloride mother liquor was evaporated to 
leave an intractable red gum (0.52 g), whose t.l.c. in ethyl 
acetate over silica showed it to be an unresolvable multicom-
ponent mixture which was not further investigated. 
3-Ethylthioimidazo[1 ,S-c]quinazoline (27) 
Imidazo[1,5-c]quinazoline-3(2H)-thione (2) (0.4 g, 0.002 
mol) was added to a solution of commercial (85%) potassium 
hydroxide pellets (0.14 g, 0.0022 raoi) in methanol (8.0 ml) 
and the mixture was stirred at room temperature until all of 
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the suspended solid had dissolved. 	The solution was 
treated with ethyl iodide (0.33 g, 0.002 mol) and the 
mixture was stirred at room temperature for 17h. 	The 
mixture was evaporated to leave a solid which was washed 
with water (20.0 ml) and combined with a second crop 
obtained by extracting the aqueous mother liquor with 
methylene chloride to yield 3-ethylthioimidazo[1,5-c)-
quinazoline 27) as a pale green solid (total 0.42 g; 90%) 
which was purified by high vacuum distillation to give pale 
yellow needles, m.p. 78°, b.p. 120°/0.3mmHg, 5(CDC1 3 ) 
8.82 (lii, s, H-5), 7.94-7.38 (SH, m, ArH), 3.11 (2H, q, 
J7.4Hz, CH 2 ), and 1.32 (3!!, t, 37.4Hz, Cl!3 ). 
Found: C, 63.2; H, 4.8; N, 18.8%; M, 229 
C 12H 11 N 3 S requires: C, 62.9; H, 4.8; N, 18.3%; M , 229 
The Attempted Synthesis of 3-Ethylthio-5-methylinidazo-
[1,5-c]quinazoline (28) 
A solution of 3 ethylthioimidazo[1,5-1quinazoline 
(27) (0.32 g, 0.0014 mol) in anhydrous tetrahydrofuran 
(10.0 ml) was stirred at -78 0 (acetone-solid CO  bath) under 
an atmosphere of nitrogen and treated with a 1.3M solution 
of Nbutyllithium in hexane (1.08 ml, 0.0014 mol). 	The 
mixture was stirred at -78 0 for 30 min then treated with 
methyliodide (0.09 ml, 0.0014 mol) and allowed to warm to 
room temperature with stirring over lh. 	Water (12.0 ml) 
was added and the mixture was extracted with diethyl ether 
(4x20,0 ml). 	The combined ether extracts were washed with 
aqueous brine solution and evaporated to give a yellow gum 
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(0.35 g) , which was flash-chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:5) 
gave a purple guru (0.03 g) whose t.l.c. in ethyl acetate 
over silica showed it to be an unresolvable multicomponent 
mixture which was not further investigated. 
Elution with ethyl acetate gave a purple gum (0.14 g) 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multicomponent mixture which was not further 
investigated. 
The Attempted Reaction of 3-Ethylthioimidazo[1,5-c]guin-
azoline (27) with Butyllithium and Benzonitrile: 
A solution of 3-ethylthioimidazo[1,5-c]quinazoline (27) 
(0.25 g, 0.0011 mol) in anhydrous tetrahydrofuran (10.0 ml) 
was cooled to -78 0 (acetone-solid CO  bath) and treated 
dropwise with stirring under nitrogen with a 1.25M solution 
of ri-butyllithium in hexane (0.88 ml, 0.0011 mol). 	The 
mixture was stirred at -78° for 20 min then treated with 
benzonitrile (0.11 ml, 0.11 g, 0.0011 mol) and allowed to 
warm to room temperature with stirring over lh. 	The mixture 
was treated with water (10.0 ml) and extracted with diethyl 
ether (4x20.0 ml) to give a brown-yellow gum (0.36 g) whidh 
was flash-chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:9) gave 
only small amounts of gums and oils from which no identifiable 
material could be obtained. 
The Attempted Synthesis of 4-(Formamidomethyl)quinazoline (3O) 
4-(Bromomethyl)quinazoline (19b) (0.9 g, 0.004 mol) was 
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added as a fine powder with stirring to liquid ammonia 
(ca.100 ml) under an atmosphere of nitrogen at -78 ° (acetone-
solid CO  bath) and the mixture was stirred at -78° for 
2h. 	The mixture was allowed to evaporate at room tempera- 
ture to leave a purple solid which was treated with 98-100% 
formic acid (30.0 ml) and the resulting solution stirred and 
heated under reflux for 2h. 	The mixture was evaporated to 
give a brown gum which was treated with water (20.0 ml) and 
extracted with methylene chloride (8x30.0 ml) to yield a 
purple gum (0.11 g), whose t.l.c. in ethyl acetate over 
silica showed it to be a close-running multiconponent mixture 
which was not further investigated. 
Chapter 6 
Studies of the Synthesis and Reactivity 
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Although the first imidazot1,5-a)pyrazine derivative 
was synthesised, 31 albeit inadvertently in 1971 and other 
derivatives have been reported since then particularly by 
32-34,54 	 47,55 Abushanab 	 little is known about the reactivity 
of such fused imidazoles (Scheme 1). 	Imidazo[1,5-a)- 
pyrazine derivatives (1) are structurally analogous to 
imidazo[ 1 , 5-alpyridine derivatives (see Chapter 2) and it 
is therefore conceivable that imidazoyrazine derivatives 
may undergo transformations (Scheme 1) analogous to those of 
imidazopyridine derivatives. 	In particular imidazo[1,5-a]- 
pyrazine-3(2H)-thione (2) should react with electrophilic 
reagents at the NH-substituent to afford N-substituted 
derivatives (4) prone to undergo rearrangement to C-i isomers 
(7) . 	Also where the original electrophilic reagent is an 
or 
aldimineXketimine the initial C-i substitution product (7; 
E=R'NHC R 2 R 3 ) would be expected to rearrange through 
transient isothiocyanate intermediates (8) to afford 
imidazolidjnethione derivatives (9). In addition 3-alkylthio--
inidazo[1 ,5-ajpyrizines (1; X=SAlk) might resemble their 
imidazo[1,5-a]pyridine counterparts (see Chapter 2) in under-
going deprotonation at the C-S position On treatment with 
butyllithium to afford after further spontaneous expulsion 
of the alkylthio substituent a novel dipolar species (3) 
trappabie by 1,3-dipolarophiles to afford azacyclazine 
products (5) or (6); 	In view of the meagre information 
available in the literature on the chemical reactivity of 
imidazo[1,5-ajpyrazine derivatives in general and imidazo-
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[ 1 , 5-a]pyrazine (1; X=SEt) in particular it was decided 
to synthesise these latter two compounds and investigate 
their reactivity by analogy with the corresponding imidazo-
[1,5-a] pyridine derivatives (see Chapter 2). 
6.2 The Synthesis and Reactivity of Imidazo{1,5-ajpyrazine 
Derivatives 
The strategy (Scheme 2) for the synthesis of imidazo-
[ 1,5-a]pyrazine ---3 ( 2 H) - thione ('t) was based on 2-(aminomethyl)-
pyrazine (14) as the key starting-material. 	This compound 
was in turn synthesised in several steps (Scheme 2) from 
commercially available 2-methylpyrazine (10) using methods 
first described by Abushanab 54 and later modified by research 
chemists at Glaxo Group Research (Ware) Limited. 70 	However 
in the present studies difficulty was experienced in achieving 
the efficient conversion of 2-methylpyrazine (10) into 2- 
(chloromethyl)pyrazine (ha) required for the next stage in the 
synthesis. 	Thus at best the chlorination of 2-methylpyrazine 
(10) by heating with N-chlorosuccinimide in refluxing carbon 
tetrachloride in the presence of dibenzoyl peroxide as radical 
initiator resulted in the formation of an unresolvable mixture 
of the required 2-(chloromethyl)pyrazine (ha) together with 
2-(dichloromethyl)pyrazine (12a) and unreacted starting-
material (10) in the ratio of 4.6:1:1 as revealed by the 
111 n.m.r. spectrum of the mixture. 	All attempts to resolve 
the mixture by chromatography resulted in its decomposition. 
Moreover the attempted variation of the chlorination condi-
tions merely gave mixtures of the monochloro and dichloro-
methylpyrazines (ha) and (12a) and the starting-material 
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containing even lower amounts of the required 2-(chlbro-
methyl)pyrazine (ha). 	The alternative conversion of 
2-methylpyrazine (10) into 2-(bromomethyl)pyrazine (llb) 
was even less satisfactory, giving an unstable amber oil 
with no apparent formation of either of the possible 
bromination products (ub) O( (12b). 
Because of the difficulties encountered in the synthesis 
of 2-(chloromethyl)pyrazine (ha) it was decided to react the 
crude chlorination mixture with sodium azide in order to 
obtain 2-(azidomethyl)pyrazine (13) the immediate precursot 
of 2-(aminomethyl)pyrazine (14). 	In practice heating the 
chlorination mixture with sodium azide in aqueous acetonitrile 
gave a good yield of an oil whose i.r. and 'H n.m.r.absorption 
showed it to be largely 2-(azidomethyl)pyrazine (13). 	Due 
to its instability the crude azide (13) was immediately 
reduced catalytically under ambient pressure to afford a high 
yield (92%) of an unstable amber oil whose i.r. and 'H n.m.r. 
absorption showed it to be largely composed of the required 
2-(aminomethyl)pyrazine (14) plus a small amount of unreacted 
azide (13). 
Because of its instability the oily amine (14) was 
immediately reacted with carbon disulphide in ref luxing 
methanol under nitrogen as described by Abushanab 54 for the 
synthesis of imidazo[ 1,5-a]pyrazine -3 ( 2 H) - thione (2) 
H - his reaction afforded a good 
yield (76%) of a stable yellow solid which gave a combustion 
analysis and showed spectroscopic properties consistent with 
its formulation as imidazo[ 1,5-a]pyrazine -3 ( 2 H) -thione (2). 
However its melting-point (2700)  was widely different from 
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that (209°) reported by Abushanab 54 fdr imidazo[1,5-a)-
pyrazine-3(2H)-thione (2). 	Also the compound's 'H n.m.r. 
absorption differed from that reported by Abushanab 54 for 
iiaidazo[i ,5-ajpyrazine-3(2H)-thione (2). 	In particular 
Abushanab 54 reports that H-6 appears as a doublet (JSHz). 
{ke- 
at 67.88 whileAH -5 resonances a multiplet at 67.95 and H-i 
c3\vefr3a singlet at 67.87. 	The 'H n.m.r. data observed for 
imidazo[1 ,5-a]pyrazine -3 ( 2 H) - thione (2) osc..summarised in 
Scheme 3. 	The discrepancy with Abushanabs data is parti- 
cularly apparent in regard to the proton at the 6-position 
of the imidazo[i , 5-a]pyrazine -3 ( 2 H) - thione (2) synthesised 
in the present studies which ppcars. as a doublet (35.2Hz) 
at 67.44 rather than 67.88 as quoted by Abushanab 54 . 	The 
çshielded nature of H-6 compared with H-i and I-I-S in 
imidazo[ 1,5-a]pyrazine -3 ( 2 H) - thione (2) in contrast to the 
essentially similaf chemical shifts for all three protons 
reported by Abushanab 54  is further supported by the 1 H n..m.r. 
absorption (Scheme 3) reported In the literature 
115 
 for 
other bridgehead-fused pyrazines such as pyrrolot1,2-a]-
pyrazine (16), 1, 2 ,4 -triazolo[1,5 -a]pyrazine (17), and 
1 , 2 , 3 , 4- tetrazolot1,5 -a]pyrazine (18). 	On this basis the 
'H n.m.r. data (Scheme 3) reported by Abushanab for the 
parent imidazot1,5-a]pyrazine (19) also appear to be in 
error. 
The correctness of the 'H n.m.r. data observed for 
imidazo[1,5-a}pyrazine-3(2H)-thione (2) in the present 
studies and in consequence the structure of the latter was 
substantiated by an alternative synthesis of the imidazo-






































(1) PhN=C=X, Me 2NCH=0, room temp. 
0 
(ii) PhCH 2&1, •Et 3N, Me 2NCH=O, room temp. 
Scheme 4 
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synthesis of imidazo (1 ,5-a] pyridine-3 (2H) -thione by 
thermolysis of 1-N-- (pyrid-2-yl)methyl-3-N-phenylthiourea 
(see Chapter 2, Scheme 2). 	Thus treatment of 2- (amino- 
methyl)pyrazine (14) with phenyl isothiocyanate in xylene 
at room temperature afforded a moderate yield (47%) of a 
product whose elemental and spectroscopic properties were 
in accord with its formulation as 1-N-phenyl-3-N-(pyrazin- 
2-ylmethy])thiourea (15). 	Thermolysis of the thiourea 
derivative (15) in refluxing xylene afforded a moderate 
yield (46%) of imidazo[ 1,5-a]pyrazine-3 ( 2 H) - thione (2) 
identical in all respects to the sample prepared before by 
the direct reaction of 2-(a.minomethyl)pyrazine (14) with 
carbon disulphide. 
Having successfully synthesised imidazo[1,5-a]pyrazine-
3(2H)-thione (2) attention was next turned to the study of 
its previously uninvestigated reactions with electrophilic 
reagents. 	In an analogous fashion to imidazo[ 1 , 5-a]pyridine- 
3(2H)-thione (see Chapter 2, Scheme 13) imidazof1,5-a)-
pyrazine-3(2H)-thione (2) was found to react, with phenyl 
isocyanate in dimethylformamide at room temperature (Scheme 
4) to afford a good yield (81%) of a thermoia,bi.le product which 
analysed correctly and showed spectroscopic properties 
consistent with the N-phenylcarbamoylimidazopyrazinethione 
structure (20a). 	In particular its i.r. spectrum contained 
a high frequency carbonyl band at 1740 cm- 1  consistent with 
the N-phenylcarbamoyl substituent in the structure (20a). 
Moreover the product's 1 H n.m.r' spectrum contained a one 
proton singlet at 67.83 attributable to H-i thereby excluding 
an alternative 1-(N-phenylcarbamoyl) structure and supporting 
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the assigned 2-(-phenylcarbamoyl) structure (20a). 	The 
product (20a) decomposed to an intractable gum on standing 
thus preventing the further study of its thermal rearrange-
ment observed in the case of 2-(N-phenylcarbamoyl)tmidazo-
[ 1 , 5-a]pyridine- 3(2H) -thione (see Chapter 2, Scheme 13). 
In contrast to its ready reaction with phenyisocyanate 
to afford the N-phenylcarbamoylimidazo[1 ,5-alpyrazine-3  (2H) - 
thione (20a) ,. imidazo[ 1 , 5-alpyrazine -3 ( 2 H) -thione (2) failed 
to react with phenyl isothiocyanate in dirnethylformamide at 
room temperature or under refiux to afford the corresponding 
N-phenylthiocarbamoyl derivative (20b) and was recovered 
unchanged in high yield (>90%). 
As in the case of imidazo[1,5-a]pyridine-3(2H)-thione 
(see Chapter 2, Scheme 19) it was expected that imidazo-
[1,5-a]pyrazine-3(2H)-thione (2) would react with phenylacetyl 
chloride in the presence of triethylamine (Scheme 4) to afford 
an N-phenylacetyl derivative (21) potentially capable of 
undergoing thermal rearrangement to the corresponding 1-
phenylacetyl derivative. 	In practice the attempted reaction 
of imidazo[ 1 , 5-a]pyrazine - 3(2H) -thione (2) with phenylacetyl 
chloride at room temperature in dimethylformamide in the 
presence of triethylamine afforded none of the expected N-
phenylacetyl derivative (21), the product being an intractable 
solid from which no identifiable material could be obtained. 
As described in Chapter 2 (see Scheme 3) imidazo[1,5-a]-
pyridine-3(21fl-thione undergoes acid-catalysed reaction with 
aldehydes or ketones and amines or hydrazines by reaction 
of intermediate imino-compounds at the 1-position followed 
by ring-opening to transient isothiocyanate derivatives then 
M(2--C=O + RNH2 
(22) 
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reclosure to imidazolidinethione or tetrahydro-1 ,2,4-
triazinethione products. 	It was therefore expected that 
irnidazo[1 , 5-a]pyrazine -3 ( 2 H) -- thione (2) would react similarly 
(Scheme 5), to afford the corresponding pyrazin-2-ylimidazo-
lidinethiones (26 or 27) or pyrazin-2-yltetrahydro-1,2,4- 
triazinethiones (28). 	However a major difficulty in the 
study of the latter reaction was the much lower solubility 
of imidazo[ 1,5-a]pyrazine -3 ( 2u) - thione (2) compared with 
imidazo [1 ,5-a] pyridine-3 (2W -thione necessitating the use 
of dimethylformamide as the reacting solvent. 	However the 
attempted reaction of imidazo[1,5-alpyrazine-3(2u)-thione 
(2) with ethanolic methylamine and acetone in dimethyl-
formamide in the presence of a catalytic amount of toluene-
4-sulphonic acid under reflux afforded none of the expected 
imidazolidinethione derivative (26a). 	Only a multicomponent 
mixture was obtained from which no identifiable material 
could be isolated. 	Repetition of this reaction at lower 
temperature (900) produced the same result. 	Since the 
failure of imidazo{ 1,5-a]pyrazine -3 ( 2H) -thione (2) to undergo 
acid-catalysed reaction with acetone and methylamine could be 
due to the volatility of the latter at the elevated reaction 
temperature required, it was decided to investigate the 
analogous reaction using aniline as the amine component. 
However heating the imidazopyrazinethione (2) with aniline 
and acetone in the presence of a catalytic amount of toluene-
4-sulphonic acid afforded only a high recovery (92%) of the 
unreacted starting-material (2) together with acetone N- 
phenylimine (23b). 	The attempted reaction (Scheme 6) of 
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N-phenylimine (29) in refluxing ethanol likewise afforded 
only a high recovery (92%) of the unreacted starting-
material (2). 	The attempted acid-catalysed reaction 
(Scheme 5) of imidazo[1,5-a]pyrazine-3(2H)-thione  (2) with 
phenyihydrazine and acetone to give the ixnidazolidinethione 
(27) or the tetrahydro-1,2,4-triazinethione (28) was equally 
unsuccessful. 	Thus, heating the imidazopyrazinethione (2) 
with phenylhydrazine and acetone in ref luxing methanol in 
the presence of toluene-4-sulphonic acid afforded only the 
unreacted starting-material in good yield (66%). 	In further 
contrast to irnidazo[1,5-a]pyridine-3(2H)--thione  (see Chapter 2, 
Scheme 34) imidazo[1,5-a]pyrazine--3(2H)-thione  (2) failed to 
undergo acid-catalysed reaction with acetone on its own. 
By analogy with the behaviour of imidazo[ 1 , 5-a]pyridine -
3(2H)-thione (see Chapter 2, Scheme 34) this reaction was 
expected to afford the 2 , 2-di7 [imidazo[ 1 , 5-a]pyrazin-3 ( 2 H) -
thion- 1 -yl]propane (33). 	In practice, prolonged heating 
of imidazo[1,5-apyrazine-3(2H)-thione (2) in acetone in 
the presence of toluene-4-sulphonic acid afforded only a 
high recovery (94%) of the unreacted starting-thaterial (2). 
Despite the failure of the foregoing attempts to 
demonstrate that imidazo[1 ,5-a]pyrazine-3(2H)-thione (2) 
exhibits similar reactivity to imidazo[ 1 , 5-a]pyriciine -3 ( 2 H) -
thione it was decided to convert (Scheme 8) imidazo[1,5-aJ-
pyrazine-3(2H)-thione (2) into the S-ethyl derivative (34). 
It was then the intention, by analogy with 3-ethylthio-
imidazo[ 1 , 5-a]pyridine (see Chapter 2, Scheme 2) to convert 
the S-ethyl derivative (34) via the carbanion (35) into 
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trappable with benzonitrile to afford the triazacyclazine 
1,3-dipolar cycloadduct (38). 	The known 
34 
 3-ethylthio- 
imidazo[1,5-ajpyrazine (34) was readily prepared in good 
yield (84%) by the potassium hydroxide catalysed reaction 
of imidazo[ 1 , 5-a]pyrazine-3 ( 2 H) -thione (2) with ethyl 
iodide as described by Abushanab. 	Before attempting to 
convert the ethylthioimidazopyrazine (34) into the 1,3-
dipolar species (36) it was first decided to demonstrate 
its initial lithiation at the 5-position by the formation 
of the carbanion (35) and its in situ trapping with methyl 
iodide to afford the 5-methyl derivative (37). 	In practice, 
the attempted reaction of 3-ethylthioimidazo[1,5-a]-
pyrazine (34) with butyllithium in tetrahydrofuran under 
nitrogen at -78°, followed by quenching with methyl iodide 
gave only multicomponent mixtures with no evidence for the 
formation of the expected 5-methyl derivative (37) . 	The 
apparent failure of 3-ethylthioimidazo[1,5 -a]pyrazine to 
undergo simple lithiation at the 5-position and lack of time 
prevented the further investigation of the generation and 




2-Methylpyrazine (10) was purchased from the Aldrich 
Chemical Co. and was used without further purification. 
The Chlorination of 2-Methylpyrazine (10) using N-Chlorn-
succinimide in the Presence of Dibenzoyl Peroxide 
A mixture of 2-methylpyrazine (10) (60.0 g, 0.64 mol), 
N-chlorosuccinimide (96.0 g, 0.72 mol) and dibenzoyl peroxide 
(1.0 g) in anhydrous carbon tetrachloride (1.600 ml) was 
stirred and heated under reflux for 22h. 	The cooled mixture 
was filtered to remove .the succinimids by-product and the 
filtrate was evaporated to give a residue which was treated 
with acetonitrile (800 ml) and again evaporated to leave a 
dark oil (69.6 g) whose t.l.c. in diethyl ether over silica 
and 1 H n.m. r. spectrum in CDC1 3 showed it to be a three-
component mixture containing unreacted 2-methylpyrazine 
(10), the 2-(chloromethyl)pyrazine (ha) and the 
2-(dichloromethyl)yrazine (12a) in the ratio of 1:4.6:1. 
This mixture was used without resolution for the preparation 
of 2-(azidomethyl)pyrazine (13) as described later. 
The Attempted Brominatiort of 2-Methylpyrazine (10) using 
-Bromosuccinimide in the Presence of Dibenzovl Peroxide 
A mixture of 2-methylpyrazine (10) (1.9 g, 0.02 mol), 
N-bromosuccinimide (4.1 g, 0.023 mol) and dibenzoyl peroxide 
(0.05 g) in anhydrous carbon tetrachloride (50.0 ml) was 
stirred and heated under reflux for 22h. 	The cooled 
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solution was filtered to remove the succinimide by-product 
and the filtrate was evaporated to leave a clear amber oil 
(1.2 g) which decomposed rapidly to an intractable black 
tar which yielded no identifiable material. 
2- (Azidomethyl) pyrazine (13) 
The mixture of 2-(chloromethyl)pyrazine (ha), 
2L.(dichloromethyl)pyrazine (12a), and 2-methylpyrazine (10) 
prepared by chlorinating 2-methylpyrazine (10) with N-
chlorosuccinimide in the presence of dibenzoyl peroxide 
(69.6 q) in acetonitrile (1400 ml) was treated with a solu-
tion of sodium azide (39.0 g, 0.6 mol) in water (200 ml) 
and the mixture was stirred and heated under reflux for 16h. 
The cooled mixture was filtered to remove some inorganic 
material and the filtrate was concentrated to remove the 
acetonitrile and treated with water (300 ml), then extracted 
with diethyl ether (6x200 ml) . 	The combined ether extracts 
were washed with water (3x200 ml) and evaporated to leave a 
mobile brown oil (47.4 g), whose t.l.c. in diethyl ether 
over silica showed it to be a two-component mixture containing 
mainly 2-(azidomethyl)pyrazine (13)/as indicated by its i.r. 
and 1 j n.m.r. spectra, Vma  2030 cm- 
I  (NEN), 5(CDC1 3 ) 8.80-
8.65 (3H, in, ArH) and 4.55 (21-1, s, 012). 	This mixture was 
used without further purification for the synthesis of 
2 - (aminomethyl)pyrazine (14) as described later. 
2 - (Aminomethyl)pyrazine (14) 
The crude 2-(azidomethyl)pyrazine (13) (12.1 g, 0.09 
mol) prepared before was dissolved in anhydrous ethanol 
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(300 ml) and the solution was hydrogenated over 10% 
palladium-on-charcoal (0.6 g) at room temperature and 
atmospheric pressure for 5.5h, while flushing the system 
every 30 min with hydrogen to remove any nitrogen formed. 
The mixture was filtered through 'hyf lo' and the filtrate 
was evaporated to afford a brown oil (8.9 g) whose i.r. 
spectrum, Vmax 3450-3300 (NH) , and 2030 cm_ i (NEN) and 
n.m.r. spectrum 	(CDC1 3 ) 8.55-8.40 (3H, in, ArH) 4.00 
(2H, s, CH 2 ) , and 2.55 (2H, brs, NH 2 ), showed it to be a 
mixture composed largely of 2-(aminomethyl)pyrazine (14) 
contaminated with a little of the unreacted azide (13). 
This mixture was used without further purification. 
1 -Phenyl-3- (pyrazin-2-yl)methylthiourea (15) 
A solution of 2-(aminomethyl)pyrazmne (14) (0.55 g, 
0.005 mol) in anhydrous dimethylformamide (20.0 ml) was 
treated with phenyl isothiocyanate (0.68 g, 0.005 mol) and 
the mixture was stirred at room temperature for Sh. 	The 
mixture was evaporated at room temperature to leave a viscous 
brown oil (1.4 g), which was triturated with methylene 
chloride to give 1-phenyl-3-(pvrazin-2-yl)methylthiourea (15) 
as a colourless solid (0.47 g; 47%) which formed colourless 
-1 
max 
needles, m.p. 104 (from toluene), u 	3160 (NH) cm 
6[ (CD 3 ) 2 SO] 9.84 (1H, brs, NH), 8.62-8.51 (3M, m, H-3, H-S 
and H-6), 8.29 (1H, brt, NH), 7.55-7.11 (SM, in, ArH), and 
4.89 (2H, d, J5.4Hz, CH 
2 ). 
Found: C, 58.5; H, 4.9; N, 22.8%; M, 244 
C 12H 12N 4 S requires: C, 59.0; H, 5.0; N, 22.9%; N , 244 
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Imidazof 1 ,5-a]pyrazine-3(2H)-thione (2) 
The crude 2-(aminonethyl)pyrazine (14) (2.9 g, 
0.026 mol) prepared before was dissolved in a mixture of 
methanol (80.0 ml) and carbon disulphide (12.0 ml) and 
the solution was stirred and heated under reflux in an 
atmosphere of nitrogen for 16h.. 	The cooled mixture was 
filtered to give the known 54 imidazo[1,5-a]pyrazine-3(2H)-
thione (2) as a yellow solid (3.0 g; 76%) which formed 
orange crystals, m.p. 270° (decomp.) (from dimethylformamide), 
(lit., 
54 
 209 0 ), N) max1625 cm- 1 , 6[(CD 3 ) 2 SO] 13.72 (1H, brs, 
NH), 8.84 (1ff, d, J58 1.5Hz, H-B), 7.89 (1H, ddd, J56 5.2, 
J5,8 1.6 and J15 1.0Hz, H-5), 7.80 (1H, d, J 	 0.9Hz, H-i),1,5 
and 7.44 (1H, d, J56 5.2Hz, H-6). 
Found: 	0, 47.6; H, 3.3, N, 27.8%; M, 151 
Calc. for C 6 H5N 3 S: C, 47.7; H, 3.3, N, 27.8%; M , 151 
The xylene mother liquor was evaporated to leave a brown 
tar (2.5 g), whose t.l.c. in methanol over silica showed it 
to be an unresolvable multicomponent mixture which was not 
further investigated. 
A solution of 1-phenyl-3-(pyrazin-2-yl)rnethylthio-
urea (15) (0.49 g, 0.002 mol) in anhydrous xylene (20.0 ml) 
was stirred and heated under reflux for 22h to give a yellow 
suspension. 	The cooled mixture was filtered to give 
imidazo[ 1,5-a]pyrazine -3 ( 2 H) - thione (2) as a yellow solid 
(0.14 g; 46%), m.p. 278 0 (lit., 54 209 ° ) identified by corn-
parison (m.p. and i.r. spectrum) with a sample prepared before. 
The xylene mother liquor was evaporated to leave a 
yellow semi-solid (0.08 g), whose t.l.c. in ethyl acetate 
326 
over alumina showed it to be a multicomponent mixture 
containing the starting-material (15) and imidazo[1,5-aJ-
pyrazine-3(2H)-thione (2) which was not further investigated. 
2-(-Phenylcarbamoyl)imidazo[1 ,5-a]pyrazine--3(2H)-thione (20a) 
Imidazo[ 1,5-a]pyrazine--3 ( 2 H) - thione (2) (0.3 g, 0.002 
mol) was dissolved by heating in anhydrous dimethylformamide 
(20.0 ml) and the cold solution was treated with phenyl 
isocyanate (0.48 g, 0.004 md) and the mixture was stirred 
at room temperature for 48h. 	The solution was then evaporated 
at room temperature to leave a gummy solid (0.75 g) which 
was flash-chromatographed over silica. 
Elution with ethyl acetate-methylene chloride (1:10) gave 
diphenylurea as a pale yellow solid (0.13 g), identical (i.r. 
spectrum) to an authentic sample. 
Elution with ethyl acetate-methylene chloride (1:5) 
afforded 2-(-phenylcarbamoyl)imidazo[1,5-a]pyrazine-3(2H)-
thione (20a) as a thermally unstable yellow solid (0.42 g; 
81%), m.p. 279°, v 	 3280 and 3260 • (NH) and 1740 (CO) cm- 1max 
d[(CD 3 ) 2 SO] 8.89 (1H, d, J58 1.5Hz, H-8), 8.60 (1H, brs, 
NH), 7.89-7.79 (1H, m, H-5) , 7.83 (1H, s, H-i), and 7.64-
6.46 (7H, in, H-6, NH and ArH). 
Found: C, 58.3; H, 3.7; N, 20.7%; M, 270 
C 13 H 10N 4 0S requires: C, 57.8; H, 3.7; N, 20.7%; M , 270 
Elution with ethanol gave an orange solid (0.06 q) whose 
t.l.c. in ethyl acetate over silica showed it to be a multi-
component mixture which was not further investigated. 
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The Attempted Reaction of Imidazo[ 1 , 5-a]pyrazine-3 ( 2 H)-
thione (2) with Phenyl Isothiocyanate 
Imidazo[ 1 , 5-a]pyrazine -3 ( 2 H) -thione (2) (0.3 g, 
0.002 mol) was dissolved by warming in anhydrous dimethyl-
formamide (20.0 ml) and the solution was cooled to room 
temperature then treated with phenyl isothiocyanate (0.27 
g; 0.002 mol) and the mixture stirred at room temperature 
for 24h. 	The mixture was evaporated to leave a gummy 
solid (0.5 g) which was flash-chromatographed over silica. 
Elution with ethyl acetate gave unreacted imidazo-
[ 1 , 5-a]pyrazine-3 ( 2 H) -thione (2) as a yellow solid (0.28 g, 
94%), m.p. 270° (decomp.), identical (m.p. and i.r. spectrum) 
to an authentic sample prepared before. 
Imidazo[ 1 , 5-a]pyrazine -3 ( 2H) - thione (2) (0.3 g, 
0.002 mol) was dissolved by warming in anhydrous dimethyl-
formamide (20.0 ml) and the solution was treated with phenyl 
isothiocyanate (0.27 g, 0.002 mol) stirred and heated at 
75 ° . (oil bath) for 3h. 	T.l.c. examination of the mixture 
showed no apparent reaction and the mixture was therefore 
heated under reflux for 4h then evaporated to leave a brown 
solid (0.4 g), which was flash-chromatographed over silica. 
Elution with methylene chloride gave an uncharacterised 
brown gum (0.11 g) whose t.l.c. in ethyl acetate over silica 
showed it to be an unresolvable multicomponent mixture which 
was not further investigated. 
Elution with ethanol through to ammonia-methanol gave 
unreacted imidazo[ 1,5-a]pyrazine -3 ( 2 H) -thione (2) as a yellow 
solid (0.27 g; 92%), m.p. 270° (decomp.), identical (m.p. 
and i.r. spectrum) to an authentic sample prepared before. 
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The Attempted Reaction of Imidazo[1,5-a]pyrazine-3(2H)--
thione (2) with Phenylacetyl Chloride in the Presence of 
Triethylamine 
Imidazo[ 1,5-a]pyrazine --3 ( 2 H) - thione (2) (0.3 g, 0.002 
md) was dissolved by warming in anhydrous dinethylformamide 
(20.0 ml) and the solution was stirred at room temperature 
and treated with triethylamine (0.22 g, 0.0022 mol) then 
dropwise with a solution of phenylacetyl chloride (0.34 g, 
0.0022 mol) in anhydrous dimethylformamide (5.0 ml). 	The 
mixture was stirred at room temperature for 3h then evaporated 
at room temperature to leave an amorphous intractable solid 
which could not be purified for characterisation and there-
fore was not further investigated. 
The Attempted Reaction of Imidazo[ 1 , 5-a]pyrazine -3 ( 2 H) -
thione (2) with Methylamine and Acetone in the Presence of 
Toluene-4-sulphonic Acid 
(a) A mixture of imidazo[1,5-a]pyrazine-3(2H)-thione 
(2) (0.3 g, 0.002 mol), toluene-4-sulphonic acid (0.005 g) 
and 33% w/w ethanolic methylamine solution (0.36g, 0.904 
mol) in acetone (10.0 ml) and anhydrous dimethylformamide 
(15.0 ml) was heated under reflux for 4h. 	The mixture was 
evaporated to leave a dark red gum (0.73 g) which was 
triturated with ethyl acetate to give a dark red solid (0.36 
g). 	This was flash-chromatographed over silica but elution 
from methylene chloride through to methanol gave no organic 
material. 
The ethyl acetate mother liquor was evaporated to leave 
a purple gum (0.37 g), whose t.l.c. in ethyl acetate and 
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methanol over silica showed it to be a multicomponent 
mixture. 
The purple gum was flash-chromatographed over silica 
to yield only an unstable amber gum (0.17 g), which 
decomposed too rapidly for characterisation. 
(b) A mixture of iinidazo[ 1 , 5-a]pyrazine --3 ( 2 H) -thione 
(2) (0.3 g, 0.002mol), toluene-4-sulphonic acid (0.005 g), 
and 33% w/w ethanolic methylamine solution (0.37 g, 0.004 
mol) in acetone (0.24 g, 0.004 mol) and anhydrous dimethyl-
formamide (20.0 ml) was stirred and heated at 90 ° for 20h. 
The mixture was evaporated to leave, a brown gummy residue 
(0.57 g) which was triturated with ethyl acetate to give a 
brown solid (0.31 g), whose t.l.c. in ethanol over silica 
showed it to be an unresolvable multicomponent mixture 
containing unreacted imidazofi ,5-a]pyrazine-3(2H)-thione 
(2), which was not further investigated. 
The ethyl acetate mother-liquor was evaporated to leave 
an amber oil (0.12 g) whose t.l.c. in ethyl acetate over 
silica showed an unresolvable multicomponent mixture which 
was not further investigated. 
The Attempted Reaction of Imidazo[1,5-a)pyrazine-3(2H)-
thione (2) with Aniline and Acetone in the Presence of 
Toluene-4-sulphonic Acid 
A mixture of imidazo[ 1,5-a]pyrazine-3 ( 21-T) -thione (2) 
(0.3 g, 0.002 mol), aniline (5.0 g, 0.055 mofl, toluene-4--
suiphonic acid (0.005 g) in acetone (4.0 ml, 0.055 mel) was 
stirred and heated under reflux in an atmosphere of nitrogen 
for 6h. 	The mixture was evaporated and the residue was 
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flash-chromatographed over silica. 
Elution with methylene chloride gave acetone N-phenyl-
imine (23b). as a mobile oil (4.8 g), identical (i.r. spectrum) 
to an authentic sample. 
Elution with ethanol gave unreacted irnidazo[1,5-a]-
pyrazine-3(2H)-thione 
() (0.27 g; 92%), m.p. 260°. (decomp.), 
identified by comparison (m.p. and i.r. spectrum) to an 
authentic sample prepared before. 
The Attempted Reaction of Imidazo[1,5-a]pyrazine-3(2H)-thione 
(2) with Benzaldehyde N-Phenylimine .(23b) 
Imidazo[ 1 , 5-a]pyrazine -3 ( 2H) -thione (2) (0.3 g, 0.002 
mol) contained in a soxhlet apparatus was continuously extracted 
with anhydrous ethanol into a solution of benzaldehyde N-
phenylimine (23b) (0.36 g, 0.002 mol) in anhydrous ethanol 
(300 ml) heated under reflux in an atmosphere of nitrogen 
for 65h. 	The mixture was evaporated and the residue was 
washed with methanol to leave unreacted imidazo[1,5-a]-
pyrazine-3(2H)-thione (2) as an orange solid (0.27 g; 92%), 
m.p. 260° (decomp.), identified by comparison (m.p. and i.r. 
spectrum) with an authentic sample prepared before. 
The Attempted Reaction of Imidazo[1,5-a]pyrazine--3(2H)-thione 
(2) with Phenylhydrazine and Acetone in the Presence of 
Toluene-4-sulphonic Acid 
Imidazo[1,5-a]pyrazine-3(2H)-thione (2) (0.3 g, 0.002 
mol) contained in a soxhlet apparatus was extracted con-
tinuously with anhydrous ethanol into a solution of phenyl-
hydrazine (0.43 g, 0.004 mol), acetone (0.24 g, 0.004 mol), 
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toluene-4-sulphonic acid (0.005 g) in methanol (300 ml) 
heated under reflux for 24h. 	The mixture was evaporated 
to leave a semi-solid which was washed with methanol to 
give unreacted imidazo[ 1,5-a]pyrazine-3 ( 2 H) -thione (2) as 
a brown solid (0.2 g; 66%)., m.p. 265° (decompj, identified 
by comparison (m.p. and i.r. spectrum) with an authentic 
sample prepared before. 
The methanol mother liquor was evaporated to leave a 
brown gum (0.45 g) whose t.l.c. in ethyl acetate over alumina 
showed it to be a close-running multicomponent mixture 
which was not further investigated. 
The Attempted Reaction of Imidazo[1,5 -4]pyrazine- 3(2H) - 




A mixture of imidazo[1,5-a)pvrazine-3(2H)-thione (2) 
(0.3 g, 0.002 md) and toluene-4-sulphonic acid (0.005 g) 
in acetone (50.0 ml) was heated under ref lux for 40h. 	The 
mixture was filtered and the solid was combined with further 
material obtained by evaporating the acetone filtrate to give 
unreacted imidazo[1 , 5-a]pyrazine -3 ( 2 H) - thione (2) (total 0.28 
g; 94%), m.p. 260° (decomp.) identified by comparison (m.p. 
and i.r. spectrum) with an authentic sample prepared before. 
3-Ethylthioimidazof1,5 -a]pyrazine (34) 
Imidazo[1,5-aJpyrazine -- 3(2I- )-thione (2) (0.9 g, 0.006 
mol) was added to a solution of commercial (85%) potassium 
hydroxide pellets (0.45 g, 0.006 mol) in methanol (23.0 ml) 
and the mixture was stirred until all of the solid had 
332 
dissolved. 	The solution was treated with ethyl iodide 
(0.98 g, 0.0063 mol) and stirred at room temperaturefor 
16h. 	The mixture was evaporated and the residue was treated 
with water (10.0 ml) and extracted with diethyl ether (5x20.0 
ml) to yield 3- ethylthioimidazo[1,5 -a]pyrazine (34) as a 
yellow solid (0.9 g; 84%), n.p. 34 ° (lit., °4 36°), umax 
 3450-
3400 br, and 1610 cm 1,  6(CDC1 3 ) 8.85 (1H, d, H-B), 7.90 
(1H, din, H-5) , 7.85 (1H, s, H-i), 7.55 (1H, d, H-6) , 3.05 
(2H, q, CH2 ), and 1.20 (3H, t, CH 3 ), which was identical 
(m.p.) to an authentic sample. 70 
The Attempted Methylation of 3-Ethylthioimidazo[1,5-a]-
pyrazine (34) 
A solution of 3-ethylthioimidazo[1,5 -a]pyrazine 
(2) (0.36 g, 0.002 mol) in anhydrous tetrahydrofuran (20.0 
ml) was stirred and treated dropwise at -78° (acetone-solid 
CO  bath) under nitrogen with a 1.65M solution of n-butyl-
lithium in hexane (1.2 ml, 0.002 mol). 	The mixture was 
stirred at -78 0 for 30 mm, then treated with methyl iodide 
(1.3 ml, 0.002 mol) and allowed to warm to room temperature 
with stirring over lh. 	The solution was treated with water 
(15.0 ml) and extracted with diethyl ether (3x10.0 ml). 
The ether layer was separated, washed with aqueous solution 
and evaporated to give a yellow oil whose t.l.c. in diethyl 
ether over silica and 'H n.m.r. spectrum showed it to be a 
multicomponent mixture consisting largely of the unreacted 
starting-material (2) 
A solution of 3-ethylthioimidazo[1,5-a)pyrazmne (2) 
(0.54. g,• 0.003 mol-) in anhydrous tet-rahydrofuran (30.0 ml) 
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was stirred and treated dropwise at -78° (acetone-solid 
CO  bath) under nitrogen with a 1.6M solution of n-butyl-
lithium in hexane (3.8 ml, 0.006 mol) 	The mixture was 
stirred at -78° for 30 mm, then allowed to warm to room 
temperature. 	The solution was treated with methyl iodide 
(0.38 ml, 0.006 mol) and stirred at room temperature for 2h. 
The solution was treated with water (20.0 ml) and extracted 
with diethyl ether (3x20.0 ml). 	The combined ether 
extracts were washed with aqueous brine solution and 
evaporated to yield a yellow oil (0.66 g), whose t.l.c. in 
diethyl ether over silica and alumina showed it to be a 
multicomponent mixture. 	The oil was flash-chromatographed 
over silica. 
Elution with diethyl ether through to methanol gave 
only small amounts of uncharacterised oils. 
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Appendix 
General Experimental. Data 
Infrared spectra were measured for Nujol suspensions 
or thin films using a Perkin-Elmer 781 spectrophotometer. 
Bands were strong and sharp unless specified as w (weak) 
or br (broad). 
1 H N.m.r. spectra were measured in the stated solvent 
at 80MHz, 20QMHz or 360NHz using Bruflker WP-80SY, WP-200SY 
and WH-360 spectrometers. 	Signals were sharp singlets 
unless specified as br (broad) ; d = doublet; t'= triplet; 
q = quartet; in = multiplet. 130  N.m.r. spectra were measured 
in the stated solvent at 22,5MHz using a Bru"ker SP-200SY 
spectrometer. 
Mass spectral data were obtained at 70eV using an AEI 
M5-902 instrument or a Kratos MS-50TC instrument. 
Microanalyses were carried out by Mr. J. Grunbaun and 
Mrs. E. McDougall, Department of Chemistry, University of 
Edinburgh. 	Melting points (m.p..) of all microanalytical 
samples were determined on a Kofler hot-stage and are 
uncorrected. 
All yields are based on unrecovered starting-material 
and all organic extracts were dried over anhydrous magnesium 
sulphate prior to evaporation under reduced pressure. 
Solvents were of technical grade, unless otherwise specified 
and unless otherwise indicated light-petroleum hadb.p.60-80 ° . 
Thin layer chromatography (t.l.c.) was carried out over 
plastic precoated silica sheets (Polygram SilG-UV 254 ) and 
flash-chromatography was carried out over silica (Merck 
K4selgel 60: Art.9385). 
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